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REPORT  OF  THE  SECRETARY 

OF  THB 

STATE  BOARD  OF  AGRICULTURE 

East  Lansing,  Mich.,  July  1, 1919. 

To  Hon.  Albert  E.  Slbbpbb, 

Governor  of  the  Stale  of  Michigan: 

Sib — I  have  the  honor  to  submit  to  you  herewith,  as  required  by  law, 
the  accompanying  report  for  the  fiscal  year  ending  June  30,  1919,  with 
supplementary  papers. 

Very  respectfully, 

ADDISON  M.  BROWN, 
Secretary  of  the  State  Board  of  Agriculture. 
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STATE  BOARD  OF  AGRICULTURE 

Term  expires. 

ROBERT  D.  GRAHAM,  Grand  Rapids 1st  Monday  January,  1920 

Chairman  of  the  Board. 

ALFRED  J.  DOHERTY,  Clare. 1st  Monday  January,  1920 

WILLIAM  H.  WALLACE,  Saginaw 1st  Monday  January,  1922 

I.  ROY  WATERBURY,  Detroit 1st  Monday  January,  1922 

JOHN  W.  BEAUMONT,  Detroit 1st  Monday  January,  1924 

JASON  WOODMAN,  Paw  Paw 1st  Monday  January,  1924 

FRED  L.  KEELER,  Supt.  of  Public  Instruction Ex-Offido 

FRANK  S.  KEDZIE,  President  of  the  College Ex-Offido 

ADDISON  M.  BROWN,  East  Lansing,  Secretary. 
BENJAMIN  F.  DAVIS,  Lansing,  Treasurer. 


standing  committees 

Divisions  of  Agriculture  and  of 

Veterinary  Science I.  R.  Waterbury,  R.  D.  Graham. 

Division  of  Engineering A.J.  Doherty,  J.  W.  Beaumont. 

Division  of  Home  Economics Jason  Woodman,  I.  R.  Waterbury. 

Division  of  Science  and  Letters  .J.  W.  Beaumont,  W.  H.  Wallace. 

Experiment  Station W.  H.  Wallace,  A.  J.  Doherty. 

Employees R.  D.  Graham,  J.  W.  Beaumont. 

Finance R.  D.  Graham,  W.  H.  Wallace. 

College  Extension  Division A.  J.  Doherty,  Jason  Woodman. 

Buildings  and  College  Property. I.  R.  Waterbury,  Jason  Woodman. 
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MICHIGAN  AGRICULTURAL  COLLEGE 

(Under  Control  of  the  State  Board  of  Agriculture.) 

Frank  S.  Kedzie,  D.  Sc,  President. 

Jonathan  L.  Snyder,  Ph.  D.,  LL.  D.,  President  Emeritus. 

Robert  S.  Shaw,  B.  S.  A.,  Dean  of  Agriculture;  Director  of  Experiment 
Station. 

.George  W.  Bissell,  M.  E.,  Dean  of  Engineering. 

Richard  P.  Lyman,  M.  D.  V.,  Dean  of  Veterinary  Medicine. 

Mary  E.  Edmonds,  B.  S.,  Dean  of  Home  Economics;  Professor  of  Domes- 
tic Science. 

Wilbur  O.  Hedrick,  M.  S.,  Ph.  D.,  Professor  of  Economics. 

Herman  K.  Vedder,  C.  E.,  Professor  of  Givil  Engineering. 

Walter  B.  Barrows,  B.  S.,  Professor  of  Zoology  and  Physiology;  Curator 
of  the  General  Museum. 

RuFUS  H.  Pettit,  B.  S.  in  Agr.,  Professor  of  Entomology. 

Addison  M.  Brown,  A.  B.,  Secretary  of  the  College. 

Elida  Yakeley,  Registrar. 

Arthur  R.  Sawyer,  E.  E.,  Professor  of  Electrical  Engineering. 

A.  Crosby  Anderson,  B.  S.,  Professor  of  Dairy  Husbandry. 

Edward  H.  Ryder,  M.  A.,  M.  Pd.,  Professor  of  History;  Director  of 
Summer  School. 

Arthur  J.  Clark,  A.  B.,  Professor  of  Chemistry. 

*  Joseph  A.  Polson,  M.  E.,  Professor  of  Mechanical  Engineering. 

Charles  W.  Chapman,  A.  B.,  Professor  of  Physics. 

Ward  Giltner,  D.  V.  M.,  M.  S.,  Professor  of  Bacteriology  and  Hygiene. 

*Harry  J.  Eustace,  M.  H.,  Professor  of  Horticulture. 

Walter  H.  French,  M.  Pd.,  M.  S.,  Professor  of  Agricultural  Education. 

Ernst  A.  Bessey,  Ph.  D.,  Professor  of  Botany. 

William  W.  Johnston,  Professor  of  English  Literature  and  Modern 
Languages. 

Louis  C.  Plant,  Ph.  B.,  M.  S.,  Professor  of  Mathematics. 

Merris  M.  McCool,  M.  S.,  Ph.  D.,  Professor  of  Soils. 

Alfred  K.  Chittenden,  M.  F.,  Professor  of  Forestry. 

Robert  K.  Steward,  C.  E.,  Professor  of  Drawing  and  Design. 

Major  Phillip  G.  Wrightson,  M.  S.,  Professor  of  Military  Science 
and  Tactics. 

Chester  L.  Brewer,  Director  of  Athletics. 

Charles  P.  Halligan,  B.  S.,  Professor  of  Landscape  Gardening. 

Henry  B.  Dirks,  B.  C,  M.  E.,  Professor  of  Mechanical  Engineering. 

Charles  H.  Burgess,  A.  B.,  Professor  of  Poultry  Husbandry. 

Joseph  F.  Cox,  B.  S.  in  Agr.,  Professor  of  Farm  Crops. 

Harry  H.  Musselman,  B.  S.,  Professor  of  Farm  Mechanics. 

George  A.  Brown,  B.  S.,  Professor  of  Animal  Husbandry. 

Winifred  S.  Gettemy,  Professor  of  Domestic  Art. 

*Annie  Howard,  Adviser  of^ Women. 

Frank  W.  Chamberlain,  D.  V.  M.,  Professor  of  Comparative  Anatomy. 

Chacb  Newman,  Associate  Professor  of  Drawing. 
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8  STATE  BOARD  OF  AGRICULTURE. 

Frank  H.  Sanford,  M.  F.,  Associate  Professor  of  Forestry. 

Richard  deZeeuw,  Ph.  D.,  Associate  Professor  of  Botany. 

Lloyd  C.  Emmons,  A.  M.,  Associate  Professor  of  Mathematics. 

George  H.  Coons,  A.  M.,  Ph.D.,  Associate  Professor  of  Botany  in  charge 
of  Plant  Pathology. 

Cyrus  A.  Melick,  D.  C.  E.,  Associate  Professor  of  Civil  Engineering. 

Harold  W.  Newhall,  B.  S.  A.,  Associate  Professor  of  Dairy  Manufac- 
tures. 

Ralph  C.  Huston,  M.  S.,  Ph.  D.,  Associate  Professor  of  Chemistry. 

John  P.  Hutton,  D.  V.  M.,  Associate  Professor  of  Veterinary  Surgery. 

Elam  T.  Hallman,  D.  V.  M.,  Associate  Professor  of  Animal  Pathology. 

Lawrence  N.  Field,  B.  M.  E.,  Associate  Professor  of  Drawing  and  Design. 

Harry  S.  Reed,  B.  S.,  Associate  Professor  of  Chemistry. 

E.  Sylvester  King,  Associate  Professor  of  Public  Speaking. 

Edna  M.  Garvin,  B.  S.,  Associate  Professor  of  Domestic  Science. 

Charles  E.  Millar,  M.  S.,  B.  S.  A.,  Associate  Professor  of  Soils 

William  E.  Laycock,  A.  B.,  Associate  Professor  of  Physics. 

Merton  M.  Cory,  E.  E.,  Associate  Professor  of  Electrical  Engineering. 

Thomas  Gunson,  Assistant  Professor  of  Horticulture  and  Superintendent 
of  Grounds. 

Benjamin  B.  Roseboom,  Jr.,  B.  S.,  Assistant  Professor  of  Physiology. 

Maurice  F.  Johnson,  M.  C.  E.,  Assistant  Professor  of  Mathematics. 

Frederick  A.  Burt,  B.  S.,  Assistant  Professor  of  Geology. 

Charles  H.  Spurway,  M.  A.,  Assistant  Professor  of  Soil  Physics. 

Bruce  E.  Hartsuch,  A.  B.,  Assistant  Professor  of  Chemistry. 

Charles  S.  Dunford,  M.  A.,  Assistant  Professor  of  Economics. 

Charles  B.  Mitchell,  M.  A.,  Assistant  Professor  of  Public  Speaking. 

Allen  C.  Conger,  M.  A.,  Assistant  Professor  of  Zoology. 

Guy  G.  Speeker,  M.  A.,  Assistant  Professor  of  Mathematics. 

Claude  M.  Cade,  C.  E.,  Assistant  Professor  of  Civil  Engineering. 

Ren  G.  Saxton,  C.  E.,  Assistant  Professor  of  Civil  Engineering. 

Elijah  L.  Grover,  B.  S.,  Assistant  Professor  of  Agricultural  Education. 

Dwight  T.  Ewing,  M.  S.,  Assistant  Professor  of  Chemistry. 

♦Alfred  Iddles,  M.  E.,  Assistant  Professor  of  Drawing. 

Henry  T.  Darlington,  M.  S.,  Assistant  Professor  of  Botany. 

Edward  F.  Woodcock,  M.  A.,  Ph.  D.,  Assistant  Professor  of  Botany. 

George  M.  Grantham,  B.  S.,  Assistant  Professor  of  Soils. 

John  E.  Burnett,  B.  S.,  Assistant  Professor  of  Dairy  Husbandry. 

Walter  E.  Reuling,  B.  S,,  in  M.  E.,  Assistant  Professor  of  Mechanical 
Engineering. 

**James  W.  Benner,  D.  V.  M.,  Assistant  Professor  of  Veterinary  Medicine. 

Howard  E.  Johnson,  D.  V.  M.,  Assistant  Professor  of  Comparative 
Anatomy. 

John  W.  Steward,  B.  M.  E.,  Assistant  Professor  of  Drawing. 

Matthew  E.  Dixon,  B.  S.,  Assistant  Professor  of  Poultry  Huusbandry. 

Clive  R.  Megee,  a.  M.,  Assistant  Professor  of  Farm  Crops. 

Everett  H.  Doherty,  M.  S.,  Assistant  Professor  of  Chemistry. 

Stanley  E.  Crowe,  A.  B.,  Assistant  Professor  of  Mathematics. 

Arnold  G.  Scheele,  A.  M.,  Assistant  Professor  of  Drawing. 

Hilda  Faust,  B.  A.,  Assistant  Professor  of  Domestic  Science. 

Russell  A.  Runnells,  D.  V.  M.,  Assistant  Professor  of  Animal  Pathol- 
ogy- 

♦Emerson  A.  Armstrong,  B.  S.,  Assistant  Professor  of  Physics. 
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Paul  G.  Andres,  B.  S.,  Assistant  Professor  of  Electrical  Engineering. 

Robert  E.  Loree,  B.  S.,  Assistant  Professor  of  Horticulture. 

Caroline  Holt,  Instructor  in  Drawing. 

Louise  Freyhofer,  B.  S.,  Mus.  B.,  Instructor  in  Piano. 

Norma  Gilchrist  Roseboom,  A.  B.,  Instructor  in  English. 

Frank  A.  Spragg,  M.  S.,  Instructor  in  Farm  Crops. 

Minnie  A.  W.  Hendrick,  A.  B.,  Instructor  in  History. 

§RosE  M.  Taylor,  A.  B.,  M.  A.,  Instructor  in  Botany. 

Antoinette  C.  Robson,  A.  B.,  Instructor  in  French. 

Andrew  Watt,  Instructor  in  Forge. 

Dewey  A.  Seeley,  M.  S.,  Instructor  in  Meteorology. 

Eugenia  I.  McDaniel,  A.  B.,  Instructor  in  Entomology. 

Bertha  E.  Thompson,  A.  B.,  M.  A.,  Instructor  in  Botany. 

Louis  B.  Mayne,  A.  B.,  Instructor  in  English. 

Edith  W.  Casho,  Instructor  in  Physical  'Culture;  Assistant  to  the  Dean. 

Verne  E.  LeRoy,  A.  B.,  M.  S.,  Instructor  in  Zoology. 

WiLLLAM  M.  WiBLEJ,  A.  M.,  Instructor  in  Mathematics. 

Warren  W.  Hitchcock,  C.  E.,  Instructor  in  Civil  Engineering. 

Louise  I.  Clemens,  B.  S.,  Instructor  in  Domestic  Science. 

*Frank  D.  Messenger,  B.  S.,  Instructor  in  Drawing  and  Design. 

Burt  K.  Philp,  C.  E.,  Instructor  in  Civil  Engineering. 

William  E.  J.  Edwards,  B.  S.  A.,  Instructor  in  Animal  Husbandry. 

George  E.  Gauthier,  B.  S.,  Assistant  Athletic  Director. 

Henry  L.  Publow,  B.  S.,  Instructor  in  Chemistry. 

Joseph  W.  Stack,  B.  S.,  Instructor  in  Zoology. 

"Arthur  L.  Bibbins,  B.  S.,  Instructor  in  Farm  Crops. 

**Charles  D.  Ball,  Jr.,  B.  S.,  Instructor  in  Chemistry. 

Leo  C.  Hughes,  A.  M.*,  Instructor  in  French. 

James  B.  Hasselman,  B.  S.,  Instructor  in  English. 

^'Zella  E.  Bigelow,  B.  S.,  Instructor  in  Domestic  Art. 

♦♦Henrik  J.  Stafseth,  B.  S.,  D.  V.  M.,  Instructor  in  Bacteriology. 

Earle  H.  Stewart,  B.  S.,  in  M.  E.,  Instructor  in  Drawing. 

^Stanard  G.  Bergquist,  A.  B.,  Instructor  in  Zoology. 

**Lawrence  C.  Wheeting,  M.  S.,  Instructor  in  Soils. 

''Homer  M.  Ward,  B.  S.,  Instructor  in  Civil  Engineering. 

Royal  G.  Bigelow,  B.  S.,  Instructor  in  Mechanical  Engineering. 

*Charles  G.  Nobles,  B.  S.,  Instructor  in  Bacteriology. 

°Harry  C.  Young,  M.  S.,  Instructor  in  Botany. 

Pbkry  S.  Brundage,  B.  S.,  Instructor  in  Chemistry. 

Ray  B.  Weaver,  A.  M.,  Instructor  in  English. 

**RoYCE  W.  Wyant,  B.  S.,  Instructor  in  Dairy  Manufacture. 

Florence  A.  Stoll,  B.  S.,  Instructor  in  Domestic  Art. 

Grace  Smiley  Frear,  B.  S.,  Instructor  in  Domestic  Art. 

Benjamin  F  Kindig,  Instructor  in  Apiculture;  State  Bee  Inspector. 

Wilson  Duncan,  Instructor  in  Blacksmithing. 

Frederick  W.  Fabian,  B.  S.,  Instructor  in  Bacteriology.    * 

°Myron  B.  Chapin,  Instructor  in  Drawing. 

♦♦Beals  E.  French,  B.  S.,  Instructor  in  Chemistry. 

Ruth  M.  Kellogg,  B.  S.,  Instructor  in  Domestic  Science. 

^Howard  D  Lightbody,  M.  S.,  Instructor  in  Chemistry. 

Sbrgt.  Charles  H.  Robinson,  Instructor  in  MiUtary  Science  and  Tactics. 

Elizabeth  J.  Frazer,  B.  S.»  Critic  Teacher  in  Home  Economics. 

Herman  C.  Lange,  A.  B.,  Instructor  in  Chemistry. 
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Harold  A.  Iddlbs,  B.  S.,  Instructor  in  Chemistry. 

Edward  F.  Eldridge,  B.  S.,  Instructor  in  Chemistry. 

Roy  H.  Cromlbt,  B.  S.,  Instructor  in  Chemifitry. 

Arthur  J.  VanSpbybrobck,  Ph.  D.,  Instructor  in  English. 

Omar  M.  Lbbbl,  Instructor  in  French. 

Edith  Butlbr,  Assistant  Instructor  in  Drawing. 

Justus  Rising,  M.  E.,  Instructor  in  Drawing. 

Anna  E.  Bayha,  B.  A.,  Instructor  in  Domestic  Art. 

LuciLLB  Kays  Millar,  B.  S.,  in  H.  E.,  Instructor  in  Domestic  Art. 

Janet  Renwick,  B.  S.,  Instructor  in  Domestic  Art. 

Walter  L.  Mallman,  B.  S.,  Instructor  in  Bacteriology. 

George  J.  Posthumus,  Instructor  in  Wood  Shop. 

"Mrs.  Paul  Miller,  Instructor  in  Domestic  Art. 

Linda  E.  Landon,  Librarian. 

Lory  F.  Newell,  Engineer. 

Benjamin  A.  Faunce,  Clerk  to  the  President. 

Edwyn  a.  Bowd,  College  Architect. 

Andrew  P.  Krentel,  Foreman  of  the  Wood  Shop. 

Jacob  Schepers,  Cashier. 

Ralph  S.  Hudson,  B.  S.,  Farm  Foreman. 

Maud  A.  Meech,  Chief  Clerk  to  the  Secretary. 

Edward  C.  Crawford,  Shop  Engineer. 

Louise  E.  Walsworth,  Clerk  to  the  Secretary. 

Elizabeth  M.  Palm,  B.  S.,  Assistant  Librarian. 

Blanche  A.  Birchard,  Clerk  to  the  President. 

Charles  D.  Betts,  Purchasing  Agent. 

Bertha  A.  Hollister,  A.  B.,  State  Seed  Analyst. 

Jacob  A.  Eicher,  Foreman  of  the  Foimdry. 

Anna  L.  Ferle,  Assistant  Registrar. 

Jesse  J.  Hendryx,  Foreman  Forest  Nursery. 

Eileen  Fletcher,  Clerk  tp  the  Secretary. 

Nancy  L.  Eastman,  Matron  College  Residence. 

♦Samuel  Toms,  Assistant  in  Farm  Mechanics. 

A.  McKercher,  V.  S.,  Practicing  Clinician. 

^Philip  M.  Hodgkins,  B.  S.,  Graduate  Assistant  in  Forestry. 

**Robert  L.  Tweed,  B.  S.,  Graduate  Assistant  in  Bacteriology. 

**Carlyle  W.  Bennett,  B.  S.,  Graduate  Assistant  in  Botany. 

Gerard  G.  Dikmans,  B.  S.,  Graduate  Assistant  in  Bacteriology. 

Ruth  Normington,  B.  S.,  Graduate  Assistant  in  Bacteriology. 

Fanny  Rogers  Stewart,  B.  S.,  Graduate  Assistant  in  Domestic  Science. 

Clara  Hunt,  House  Director  in  Women's  Building. 

Robert  Mackie,  Herdsman. 

**H.  Donald  Hootman,  Foreman  Orchards. 

J.  Robert  Duncan,  Assistant  in  Farm  Crops. 

George  C.  Wright,  B.  S.,  Foreman  of  Machine  Shop. 

Walter  C.  Hildorf,  B.  S.,  Foreman  Forge  Shop. 

Leola  Lewis,  B.  S.,  Library  Assistant. 

*Mabel  Williams,  House  Mother  Senior  House. 

Mrs.  Frank  Porter,  House  Mother  Howard  Terrace. 

Mrs.  H.  E.  Murdoch,  House  Mother  CoUege  Cottage. 

Clifford  W.  McKibbin,  M.  F.,  Alumni  Recorder. 

Mrs.  C.  S.  Lewerenz,  Hostess  Eimomian  House. 

Mrs.  Mildred  Osband^  House  Mother  Senior  House. 
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JD.  Joseph  Lamobeaux,  Assistant  in  Bacteriology. 
Ralph  M.  HARFOBDy  Assistant  College  Photographer. 
J.  HiNELiNEy  Laboratory  Engineer. 
Clippobd  N.  Rix,  Tool  Room  Attendant. 

EXPERIMENT  STATION. 

Andrew  J.  Patten,  B.  S.,  Chemist. 

L.  Zae  Northrxtp,  A.  M.,  M.  H.  E.,  Research  Associate  in  Bacteriology. 

**Charles  S.  Robinson,  M.  S.,  Ph.  D.,  Research  Associate  in  Chemistry. 

Myra  V.  BoGUE,  Bulletin  Clerk. 

Orrin  B.  Winter,  A.  B.,  Research  Assistant  in  Chemistry. 

"George  J.  Bouyoucos,  Ph.  D.,  Research  Associate  in  Soils. 

Rupus  P.  HiBBARD,  Ph.  D.,  Research  Associate  (Plant  Physiology). 

•J.  Frank  Morgan,  M.  A.,  Research  Associate  in  Bacteriology. 

Walter  C.  Button,  B.  S.,  Assistant  in  Horticulture. 

Fred  T.  Riddell,  B.  S.,  Assistant  in:  Dairying. 

♦♦Leslie  H.  Cooledge,  B.  S.,  A.  M.,  Research  Associate  in  Bacteriology. 

♦♦Elroy  J.  Miller,  M.  S.,  Assistant  in  Chemistry. 

Eugene  F.  Berger,  B.  S.,  Assistant  in  Chemistry. 

♦Theodore  E.  Friedemann,  B.  S.,  Assistant  in  Chemistry. 

Carl  F.  Barnum,  B.  S.,  Chief  Inspector  Feeds  and  Fertilizers. 

""Eugene  E.  Down,  B.  S.,  Assistant  in  Farm  Crops. 

*"!.  Forest  Huddleson,  M.  S.,  Research  Assistant  in  Bacteriology. 

Horace  W.  Norton,  Jr.,  B.  S.,  Investigator  in  Live  Stock. 

Ezra  A.  Hebard,  Inspector  Feeds  and  Fertilizers. 

•Raymond  Nelson,  B.  S.,  Assistant  in  Plant  Pathology. 

Godfrey  L.  A.  Reuhle.  Ph.  D.,  M.  S.,  Research  Assistant  in  Bacteriology. 

Arnot  L.  Lewis,  B.  S.,  Assistant  in  Chemistry. 

Marion  L.  Grettenbbrger,  B.  S.,  Assistant  in  Chemistry. 

♦♦Stanley  J.  Brownell,  Assistant  in  Dairying. 

Ray  Baker,  Assistant  in  Dairjring. 

Wallace  L.  Chandler,  M.  S.,  Ph.  D.,  Research  Assistant  in  Entomology. 

Floyd  Curtis,  Assistant  in  Farm  Crops. 

George  W.  Putnam,  Farm  Crops  Breeder. 

Cecil  W.  Simpson,  B.  S.,  Investigator  in  Soils. 

August  H.  Teske,  Inspector  Feeds  and  Fertilizers. 

Lloyd  Atkins,  Assistant  in  Dairying. 

♦Percy  O'Meara,  B.  S.,  Assistant  in  Chemistry. 

o  Absent  on  leave. 
*Red8zied. 

iDeoeMedDe&'6.Via 
I>6oeMedFeb.27.'19. 
'  Retomed  from  military  senice. 
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AGRICULTURAL  EXPERIMENT  STATION 


OF  THE 


MICHIGAN  AGRICULTURAL  COLLEGE 

(Under  control  of  the  State  Board  of  Agriculture) 


STATION 

Frank  S.  Kedzie,  M.  8.,  D.  Sc, 

President  Ex-officio, 

Robert  S.  Shaw,  B.  S.  A., 

Director. 

Ward  Giltner,  D.  V.  M.,  M.  S., 

Bacteriologist. 

♦Harry  J.  Eustace,  B.  S.  M.  H., 

Horticulturist  and  Vice  Director. 
Alfred  K.  Chittenden,  M,  F. 

Forester. 
A.  Crosby  Anderson,  B,  S., 

Dairy  Husbandman. 
RuFUs  H.  Pettit,  B.  S.  A., 

Entomologist. 
Elam  T.  Hallman,  D.  V.  M., 

Veterinarian. 


COUNCIL. 

Andrew  J.  Patten,  B.  S.,       ChemistI 
Merris  M.  McCool,  Ph.  D., 

Soil  Physicist. 
Ernst  A.  Bessey,  Ph.  D.,  Botanist. 
Joseph  F.  Cox,  B.  S.  A., 

Farm  Crops. 

Charles  P.  Hallioan,  B.  S., 

Assoc.  Horticulturist. 
George  A.  Brown,  B.  S., 

Ajiimal  Husbandman. 
Harry  H.  Musselman,  B,  S., 

Farm  Mechanics. 
Charles  H.  Burgess,  A.  B., 

Poultry  Husbandman. 
Addison  M.  Brown, 

Secretary. 


ADVISORY  AND  ASSISTANT  STAFF. 


°Jame8  F.  Morgan,  M.  A., 

Research    Asso.     in    Bacteriology. 
L.  Zae  Northrup,  B.  S„  A.  M.,  M.  H.  E., 
Research  Asso.  in  Bacteriology. 
**Le8lie  H.  Cooledge,  a.  M., 

ResearcTi  Asso.  in    Bacteriology. 
RVFUS  P.  HiBBARD,  Ph.  D., 

Research  Asso.  in  Plant  Physiblogy. 
George  H.  Coons,  Ph.  D., 

Research  Asso.  in  Plant  Pathology. 
Frank  A.  Spragg,  M.   S.,         Research 
Asso.  in  Farm  Crops  (Plant  Breeding). 
♦♦Charles  S.  Robinson,  Ph.  D., 

Research  Asso.  in  Chemistry. 
"George  J.  Bouyoucos,  Ph.  D., 

Research  Asso.  in  Soils. 
♦♦Elroy  J.  Miller,  M.  S., 

Research  Asst.  in  Chemistry. 
**!.  Forest  Huddleson,  B.  S.,  M.  S., 

Research  Asst.  in  Bacteriology. 


Godfrey  L.  A.  Reuhle,  Ph.  D.,  M.  S.' 

Research  Asst.  in  Bacteriology. 

oHenrik  J.  Stafseth,  B.  S.,  D.  V.  M., 

Research  Asst.  in  Bacteriology. 

Orrin  B.  Winter,  A.  B. , 

Research  Asst.  in  Chemistry. 
Eugene  F.  Berger,  B.  S., 

Asst.  in  Chemistry. 
Arnot  Lewis,  B.  S., 

Asst.  in  Chemistry. 
Eugenia  I.  McDaniel,  A.  B., 

Asst.  in  Entomology. 
Wallace  L.  Chandler  M.  S.,  Ph.  D., 

Asst.  in  Entomology. 
Walter  C.  Dutton,  B.  S., 

Asst.  in  Horticulture. 
"•Raymond  Nelson,  B.  S., 

Asst.  in  Plant  Pathology. 
George  W.  Putnam, 

Farm  Crops  Breeder. 
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Floyd  Curtis, 

Asst.  in  Farm  Crops. 
Marion  L.  Grettenberger  B.  S., 

Asst.  ID,  Chemistry. 
«»EuGENE  E.  Downs,  B.  S., 

Asst.  in  Farm  Crops. 
Ray  Baker, 

Asst.  in  Dairying. 
♦♦Stanley  J.  Brownell,  B.  S., 

Asst.  in  Dairying. 
Fred  T.  Riddell,  B.  S., 

Asst.  in  Dairying. 
Lloyd  Atkins, 

Asst.  in  Dairying. 


Cecil  W.  Simpson,  B.  S., 

Investigator   in   Soils. 
**Ralph  W.  Peterson,  B.  S., 

Asst.  in  Horticulture. 
Horace  W.  Norton,  Jr.,  B.  S. 

Investigator  in  Live  Stock. 
Carl  F,  Barnum,  B.  S. 

Chief  Inspector  Feeds  and  Fertilizers. 
August  H.  Teske, 

Inspector  Feeds  and  Fertilizers. 
Ezra  A.  Hebard, 

Inspector  Feeds  and  Fertilizers. 
Linda  E.  Landon,  Librarian. 

Myra  V.  Bogue,  Bulletin  Clerk. 


° Absent  on  leave. 

♦Resigned. 

♦♦Returned  from  military  service. 
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COOPERATIVE  EXTENSION  WORK  IN  AGRICULTURE 
AND  HOME  ECONOMICS 


Michigan  Agricultural   College  and   United   States   Department   of    Agriculture 

Cooperating. 

ADMmiSTRATIVB  COMMITTEE 

Robert  James  Baldwin,  B.  S, Director  of  Extension  Work 

Frank  Stewart  Kedzie,  M.  S.,  D.  So President 

Robert  Sidey  Shaw,  B.  S.  A Dean  of  Agriculture 

Mary  Elizabeth  Edmonds,  B.  S Dean  of  Home  Economics 

Addison  Makepeace  Brown,  A.  B Secretary 


Earl  H.  MoDonel,  B.  S Supervisor  Ext.  Schools 

EXTBNI^ON  SPECIALISTS 

Earl  Russell  Trangmar,  B.  S Publicity 

James  Aaron  Waldron,  B.  S Dairying 

Ozias  Talcott  Goodwin,  B.  S Dairy  Products 

Verne  Alonzo  Freeman,  B.  S Sheep  Husbandry 

John  Whitley  Nicolson,  B.  S Farm  Crops 

Ernest  Kenneth  Chamberlain,  B,  S Farm  Crops 

Clarence  William  Waid Potatoes  and  Vegetables 

Henry  C.  Moore Asst.  Potatoes  and  Vegetables 

Irving  T.  Pickford,  B.  S Horticulture 

Don  Bion  Whelan,  B.  S Insect  Pests 

Edwin  Ewell Apiculture 

Orsel  Edwin  Robey,  B.  S * Household  Engineering 

Edmund  Carl  Mandenberg,  B.  S Forestry 

Ezra  Levin,  B.  S Muck  Crops 

Charles  H.  Graves Farm  Management  Demon 

strations 

Will  B.  Sutherland Assistant  Farm  Management 

Demonstrations 

Ernest  C.  Foreman,  B.  S Poultry  Husbandry 

Annabel  C.  Campbell Poultry  Husbandry 

Hale  Tennant,  B.  A Agent  in  Marketing 

George  C.  Raviller Assistant  in  Marketing 

May  Madden  Person,  A.  B.. .' Home  Economics 

Coral  Ruth  Havens Home  Ecomonics 

Elizabeth  Leonice  Parker,  R.  N. Health  Specialist  Home  Eco- 
nomics 
Helen  Arms,  B.  S Domestic  Art  Specialist 


•Rciigned 


Digitized  by 


Google 


t'ACtJLTY  ANb  OTHttB  OFFtCtSRd.  16 

COUNTY  AGRICULTURAL  AGENTS 

Eben  Mumford,  Ph.  D State  Leader 

Harry  B.  Blandford Aiaistant  to  State  Leader 

Frank  Saadhammer,  B.  S Assistant  to  State  Leader 

James  Wade  Weston,  B.  S Assistant  to  State  Leader 

U.P. 

Alfred  Bentall AUegan 

C.  O.  T.  Soheetz,  B.  S Alpena 

Arnold  Laurits  Olsen,  B.  8 Alger 

Willard  C.  Cribbs Antrim 

R.  D.  Harrison,  B.  S. Bay 

R.  V.  Tanner,  B.  S Barry 

Irving  Kirshman,  B.  S Baraga 

Claude  La^rrenee  Nash,  B.  S Branoh 

James  L.  Eraker,  B.  S .Benzie 

Harry  J.  Lnrkins. Berrien 

P&nl  C.  Jameson,  B.  8 ^Calhoun 

David  Woodman,  B.  8 Cass 

C.  W.  Wing Charlevoix 

Ira  Benona  MoMurtry Cheboygan 

Emil  Leo  Ennze,  B.  S. Chippewa 

P.  P.  Pope Clinton 

Benjamin  Pordy  Pattison,  B.  8 Delta 

Clinton  Vede  Ballard,  B.  S Dickinson 

Keats  Kendall  Vinmg,  B.  S Emmet 

Thomas  A.  Farrand Eaton 

Sidney  Samuel  Smith,  B.  8 Genesee 

Charles  Edwiq  Atwater,  B.  8 Gladwin  , 

James  Frank  Kadonsky,  B.  8 Gogebio 

Robert  ;B.  Wiley,  B.  8 Grand  Traverse 

Leo  M.  Geismar Houghton 

Dwight  C.  Long,  B.  8 Iron 

Howard  Deloss  Corbus,  B.  8 Isabella 

C.  P.  Milham losoo 

J.  Vernon  Sheap Jaokson 

Jason  Woodman,  B.  8 Kalamazoo 

E.  E.  Twing  Kalkaska 

Roswell  G.  Carr,  B.  8 Kent 

Leon  Thomas  Bishop.  B.  8 Lapeer 

Curtis  Linden  Coffeen,  B.  8 Lenawee 

Fred  8.  Dunks,  B.  8 Livingston 

Roy  H.  Cameron,  B.  S Luoe 

Carl  H.  Knopf,  B.  8 Manistee 

Howard  Victor  Kittle,  B.  S Macomb 

Lee  Roy  Walker,  B.  8 Marquette 

Wesley  James  Cook,  B.  S Mason 

Gifford  Patoh,  B.  8 Montcalm 

Edward  Glenn  Amos,  B.  8 Menominee 

Harold  Herbert  Bamum,  B.  8 Missaukee 

Howard  Hinds, Montmorency 

Ralph  J.  Carr,  B.  8 Monroe 
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R.  Lesie  Olds,  B.  S Muskegon 

Paul  H.  Smith,  B.  8 Mecosta 

Simon  Harkeman Newaygo 

Charles  Benjamin  Cook,  B.  S Oakland 

Bemie  F.  Beach,  B.  S Oceana 

Charles  Lovell  Rose,  B.  S Osceola 

Deloy  Lesly  Hagerman,  B.  S Ottawa 

A.  C.  Lytle,  B.  S Otsego 

Carl  M.  Kidman,  B.  S P^sque  Isle* 

William  F.  Johnston. t Roscommon 

Jesse  Stutsman,  B.  S Saginaw 

Homer  Edward  Dennison,  B.  S Shiawassee 

Clark  Louis  Brody,  B.  S St.  Clair 

John  Martin  Wendt,  B,  S St.  Joseph 

George  Fred  Kinsting,  B.  S Schoolcraft 

Alexander  MacVittie,  B.  S. Tuscola 

W.  C.  Eckard Van  Buren 

Orestes  Isaiah  Gregg,  B.  S 1 Wayne 

Clark  Mason,  B.  S Wexforsd  ' 

Harold  Scott  Osier,  B.  S Washtenaw 


BOYS*  AND  GIRLS*  CLUB  WORK 

Ray  E.  Turner,  B.  S State  Leader 

Anna  Bryant  Cowles,  B,  S Assistant  State  Leader 

Barbara  Van  Heulen,  -B.  S Assistant  Girls*  Clubs 

Elda  lantha  Robb,  B.  S Assistant  Girls*   Clubs 

Margaret  Hutty Assistant  Girls*  Clubs 

Arne  Gerald  Kettunen,  B.  S District  Club  Leader,  U. 
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ACCOUNT  OF  THE 
MICHIGAN  AGRICULTURAL  COLLEGE 

FOR  THE  YEAR  ENDING  JULY  30.   1919. 


SECRETARY'S  FINANCIAL  REPORT 


Dr.  Cr. 

July     1.  1918.     Cash  on  hand $9,555  72 

July     1.1918.     Cash  on  deposit.  College  Treasurer,  overdrawn .  .  $4.149  30 

June  30,  1919.     To  special  appropilation  receipts 468,027  61 

Prom  State  Treasurer $  89 .  470  34 

From   United  States  Treasurer.  .  .  .  350,198  54 

From  Institution  and  other  sources     28.358  73 

June  30,  1919.     By  disbursements 469 .117  66 

Special  appropriations 252 ,  680  83 

Experiment  Station 93 ,  282  67 

Extension 123 .  154  16 

Juiie  30,  1919.     To  current  account  receipts 844 ,890  40 

From  State  Treasurer,  land  grant 

interest 70 ,  662  44 

From  State  Treasurer,  one-flfth  mill 

tax 478,687  04 

$560,000  00 
(a)    81.312  96 

From  United  States  Treasurer.  Mor- 
rill Fund 50.000  00 

From  Institution  and  other  soiu-ces.  237.357  07 

From  South  Haven  Experiment  Sta- 
tion   630  81 

From  U.  P.  Experiment  Station ....        7.653  04 

By  general  account  disbursements 836.692  13 

June  30.  .1919.     By  cash  on  hand 6.489  66 

June  30,  1919.     By  cash  on  deposit 6.024  98 

.  $1,322,473  73  $1,322,473   73 

(a)  Appropriated  for  Extension 51 .312  96 

Appropriated  for  Experiment  Station 30.0QO  00 
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AGRICULTURAL  COLLEGE  ACCOUNTS. 


ID 


TABLE  NO.  Z.-WUittm  Smih  Sa^v  /SesUoraUp  Fwd. 


Fund. 

Year 
ending 
Jane  80. 

Income. 

Income 
expended  to 

Amount. 

Balance 
inoludinff 
principal. 

1910 
1911 

1912 

1913 
1914 
1915 
1916 
1917 
1918 

1919 

$32  25 
37  60 

12  50 

25  00 
24  85 

24  85 

25  00 
25  00 
25  00 

25  00 

A.MoVitUe... 

$19  75 

$512  20 
550  Oo 

S600.00  NceiTed  of  F.  F.  Sayer.  administraior  of  the  estate  of 

/  D.K. Fisher.. 
(  H.K.  Wright. 

D.Franoisco. . 

R.W.Waffle.. 

J.D.Baker... 

J.M.Maie... 

ElsaScheuren. 

25  00 
25  00 
25  00 
25  00 
25  00 
25  00 
25  60 

1    512  60 

512  50 
512  35 
512  20 
512  20 
512  20 
537  20 

/  EIwynYoonker 

25  00 

}    512  20 

IVitel ' 

$260  05 

$244  75 

TABLE  NO.  4.— G^«  E.  Lamm  Memorial  PHh. 


Fund. 


Year 
ending 
June  30. 


Income. 


Income 
expended    to 


Amount. 


Balance 
including 
principal. 


$5C0.00  received  of  John  W.  Beaumont,  in  memory  of  Geo. 
E.  Lawion,  to  offer  annual  cash  prise  for  the  best  esMy  in  E^- 
lish  prodnced  fay  malestudent 


917 
1918 
1919 


$25  00 
12  50 
25  00 


LB.McMurty 
H.C.DiehI... 
Stanley  Powell 


$25  00 
25  00 
25  00 


$500  00 
487  60 
48/50 


Total.. 


$62  50 


$75  00 


TABLE  NO.  5.-0«.  L.  Al'mi  ScMarthip. 

Fund. 

Year 
ending 
June30 

Income. 

Income 
expended. 

Amount. 

Balance 
inolndinff 
principal 

$1.000i)0  received  of  Amanda  A.  Ransom  to  be  used  in  assisting 

1919 

$1,036  38 

Total 

$1,036  38 
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STATE  BOARD  OF  AGRICULTURE. 


TABLE  NO.  6.— Currenf  AecowU  July  1, 1918  to  June  SO,  1919. 


On  account  of — 


U.  S.  Treasurer,  29th  annual  payment  under  ac  t  of  Congress,  of  Aug. ,  1 890 . . 

State  Treasurer,  (Mie-fifth  millfund 

State  Treasurer,  interest  on  in-oceeds  of  sales  (rf  U.  B.  land  grant 

Agricultural  Education 

Anatonur 

Animal  Husbandry 

Bacteriology 

Botany. 


Chemistrjr 

Civil  Ejigineering 

Dairy  Husbandry 

Drawing 

DomesticArt 

Domestic  Science 

Ee<nomic8 

Electrical  Engineering. . . 

English 

Entomology 

Farm  Crops 

Farm  and  Horses 

FarmMechamcs 

Forestry 

History 

Horticulture 

Library 

Mathonatics 

Mechanical  Engineering 

Meteorology^ 

Military  Science 

Pfttholaer 

PhysicarTn^ining 


Physics. 

Poultry 

Soils 

Special  Courses 

Surgery  and  Clinic 

Veterinary  Science 

Zoology 

Advertising 

Alumni  Recorder 

Bulletins 

Cleaning 

Contingent  Bui l(Ung 

Dean  of  Agriculture 

Dean  of  Engineering 

Dean  of  Home  Economics 

Dean  of  Summer  School 

Electric  Lighting 

Freight  and  Cartage 

Heating 

Hospitals 

Miscellaneous 

OflBce,  President's 

Office,  Secretary's 

Registrar 

Salaries 

Seed  Analysis 

Telephones 

South  Haven  Experiment  Station ... 
Upper  Peninsula  Experiment  Station . 


Totals . 


Balance  beginning  fif>cal  year,  July  1, 1918 
Balance  on  hand  June  30, 1919 


Totals $S65.901  63    $865,901  63 


Dr. 
To  disburse- 
ments. 


$224  57 
1,293  32 

19,740  77 
9,854  43 
3,273 

15,571  43 
1.109  80 

62.122  42 
1.583  13 
2.351  90 
4,904  54 
128  86 
3.166  21 
233  29 
2,485  26 
2,364  76 

28,955  55 

2,275  84 

3,645  08 

108  66 

13.014  64 

2.884  32 

404  45 

19.675  73 

77  74 

1,305  10 

1,281  32 

13.686  61 
6,175  24 
8.756  19 
2,609  81 
9.907  74 
4,374  66 
1,090  17 
561  55 
2,415  09 
1,509  56 

12,943  32 

11,968  23 
110,804  00 
1.233  77 
1.383  81 
6,933  49 
656  72 

12,569  15 
2,373  74 

63,951  14 
8,060  73 
3,840  51 
2,410  49 
6.186  59 
2.812  40 
308,314  50 
106  15 
2.083  09 
3.101  17 

28,835  59 


$836,692  13 
29.209  50 


Cr 

By 

receipts. 


$50.000  00 
478.687  04 
70.662  44 

433  24 

15,168  16 

2,776  43 

815  45 

7,704  67 

127  00 

59.679  26 

724  64 

908  55 

1,901  59 

5  00 

83  00 

22  40 

443  45 

583  35 

19,720  64 

906  50 

2,324  58 

2  00 

3.030  92 

1  00 

90  75 

1.947  97 

13  00 

88  05 

'    5  00 

4,223  23 

2,352  79 

3.324  91 

113  71 

2.450  00 

559  22 

43  00 

352  50 

16  30 


2,167  36 

a62,030  92 

90  00 

564  90 

48  00 

3,701  29 

855 

2.160  53 

1.546  81 

2,590  61 

1,202  a*} 

2.045  38 

75  00 

24,881  16 

81  00 

321  25 

530  81 

7,653  04 


$844,890  40 
21.011  23 


aDiploma  fees.  $685.00;  incidentals,  $6,167.50:  matriculation.  $1,450.00;  room  rent.  $13, 754.26;tuition,  $3,888.00:  delinquent 
$289.50;  supplio,  117,220.99;  labor,  $3,948.57;  land.  $12,273.30;  sundry.  $2,353.80. 
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On  aceount  of- 

- 

Dr. 
To  disburse- 
ments. 

Cr. 

By 

receipts. 

$950  75 

1.478  50 

50  00 

3.094  79 

25  00 

1.010  84 

1.297  44 

238.750  86 

6,022  65 

$1,000  00 

Numry LieenfeuMl  Imnwction ...  

1.478  50 

Skytrfymd               .  '.           

25  00 

GymnaoiuiD 

QW  E.  lAfni  M'*~*'*^<  ^in'l 

25  00 

G«o.  L.  Allen  Schdlanhip 

1.047  22 

Shmif  ftnd  St^Y^hoquf^ 

i 

U.^.  Army  School 

247.085  23 

VoaitiomlTeftrhmTmipipg  ,     t 

7.157  38 

Totals 

$252.680  83 
7.719  28 

$257,818  33 

Balance  overdrawn  June  30, 1919 

2.681  78 

Totals 

$260,400  11 

$260,400  11 

Dr. 
ToUl 
disburse- 
ments each 
department. 

Cr. 
By 

• 

Adams. 

Hatch. 

Stote. 

receipts. 

Balance  overdrawn  July  1, 1918 

$5,081  33 

V.  8.  Trowurer 

$30,000  00 

State  Treasurer,  one-fifth  millfund ? 

30,000  00 

Fertiliser  Fees 

$1,518  76 

1.472  46 

41  51 

3.571  66 

3,720  75 

4,469  65 

1.160  38 

1.474  84 

402  74 

4.235  82 

3.027  19 

1.663  61 

800 

33,021  19 

294  00 

3.200  11 

1.518  76 
1.472  46 
41  51 
7.358  40 
3.861  55 
4.659  75 
1.160  38 
1.494  84 

496  48 
4,783  06 
3.027  19 
2,085  95 

411  51 
56.532  59 

294  00 
4084  44 

7.170  00 

Commtrcii^t  Fwdinff  Stuffs     

14.1)75  00 

Animal  Husbandry 

Bactfrioloffical     ' 

$2.858  65 
103  60 

1928  09 
37  20 
189  90 

*      456  63 

Botanittir. 

158  57 

Chemical     

55  36 

Dairy  Husbandry 

Directors  Office .     

20  00 

93  74 

547  24 

66  53 

Entomologicftl 

Farm  C^^ps     

441  01 

907  70 

Horticulture 

422  34 

403  51 

11.473  65 

3  72 

Library 

Salariea    .           

12,037  75 

SiMTrftarifn  Office 

Soils 

884  33 

26  40 

14,113  08 

Totals 

$15,000  00 

S15.000  00 

$63,282  67 

$98,364  00 

$08,364  00 
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OnMMRmtofproJMto 

Dr. 

Total 

diabaree- 

mente  for 

Cr. 
receipte. 

Lever. 

Lercr  State. 

State. 

$2.804  20 

TJ.S.TrcMttrylieTerl'^i 

$73,113  31 

StotoTnManr.  one^th  Mill  Fundi  Lev«r  State 

43.710  48 

State  TnMunr.oiM^thMiUFuiid,  State 

7.602  48 

17.472  57 
5.037  42 
8.057  07 

23.489  82 

665  67 

8.186  82 

8.599  69 

13,174  93 
6.497  67 
1.888  07 
5.072  97 
84152 
604  79 
2.447  31 

1246  10 

84188 

89  56 

205  48 

780 

13  65 

211  70 

1.997  30 

41122 

10.898  60 
12,876  97 
4,485  60 

28,717  72 
1.014  49 
3.705  26 
6.258  70 
1.997  30 
4.423  30 
1.510  18 

15.267  21 
1.938  28 
2.787  52 
5.256  79 
6.279  55 
8.960  45 
4.506  30 
5.933  72 
1,890  g 

5188 

Bimi'andOlrfff'OlnKWnrlr 

75  71 

Gootiol  of  Inflect  PMti 

County  AgentB 

388  75 

Ddrybubandry 

Krtmffion  PefM^piff 

102  84 

FannCrope 

12  10 

FamMn'week 

835  60 
1,172  36 
8.820  28 
1.401  71 
1.840  90 
2.417  58 
1.551  71 
1.830  23 
8.160  88 
8.178  24 

820  96 

3.176  48 

337  82 

5.984  95 

509  97 

791  05 

2.698  85 

2.359  40 

1.970  05 

1.268  89 

2.661  02 

1.060  76 

25 

695  28 

Forestnr         

HnmeRec^omin..... 

51198 
26  60 
105  57 
240  41 
2.868  44 
160  17 
77  08 
94  46 
25 

129  56 

Horfiealtura       , . . 

HmmhDldl^nMrfnfr 

liT*  Stock 

74  65 

Mtfkete 

MuokG^Dcmonitratiooa 

1  38 

FMatoetand  Vecetablee 

44 

F^^ 

pSBStVii 

gqill      

Balanee  on  hand.  June  80. 1919 

Total 

173.489  81 

$42.055  25 

$7,609  10 

$125,958  86 

$125.958  80 

VoQeherson  file  fHn(cittkffcrll9,4C2i8uofffettoSmithLever Fund. 
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Bate  per 
yeer. 

GndB. 

Cuimt 

■S!sr 

EtteMioiL 

^niii&t^. 

16.500  00 
1.760  00 
1.000  00 

b2.200  00 

2,600  00 

1.000  00 

860  00 

860  00 

860  00 

2.600  00 

1.760  00 
1.160  00 

1.700  00 

1.160  00 

900  00 

1.800  00 
870  00 

2.600  00 
860  00 
860  00 
720  00 
600  00 

1.600  00 
360  00 

1.200  00 

2.800  00 

el.600  00 

860  00 

2,200  00 
el.200  00 
1,000  00 
1.200  00 
1.600  00 
780  00 

1.600  00 

1.200  00 

el.500  00 

eOOOOO 

600  00 

1.300  00 
640  00 

el.l60  00 
800  00 
960  00 
360  00 

el.060  00 
600  00 
626  00 

ft3.600  00 
900  00 

16,600  00 
1.760  00 
1.000  00 

1.600  00 
2.300  00 
900  00 
860  00 
860  00 
860  00 
2,600  00 

1.760  00 
1.160  00 

1.680  00 

1.150  00 

900  00 

1,800  00 
870  00 

2,600  00 
860  00 
860  00 
720  00 
600  00 

1,600  00 
360  00 

1.200  00 

2.800  00 

1.600  00 

860  00 

2.200  00 
1.200  00 
1.000  00 
1.200  00 
1.600  00 
780  00 

1.600  00 

1.200  00 

1.500  00 

900  00 

60^00 

1.800  00 
640  00 

1.160  00 
800  00 
060  00 
360  00 

1.060  00 
600  00 
626  00 

3.600  00 
900  00 

acA 

SeenlHy'tCMBee: 
Seenteiy 

$700  00 
200  00 
100  00 

OMhffr 

Bmkktmfr 

Sat^^:;:;:::::::::::::;::;:::::::::;::;::;;:::::;;;. 

CUfk 

a«k 

PnnlHrii«Agmit 

^iggsi^i 

SS!^::::::;:;;::;::::;:::;:::::;;:::::::::::::::::::: 

Ubnry: 
libnriaa 

120  00 

AMitMtTilnriHi 

Afliiitent 

^ 

Ekudnev                                                  

mSbi  Wftkhmn 

An&toet 

8eoratefyt.M.C.A 

PimtirrormF«d 

MadKctlOffiMr 7.. 

DMB*t(NBoe.^DciD 

Adriflor^rWoimn 

DeMrtnant  of  DomMtie  Art: 

Iiwtnietor 

Iiwtnietor 

Imtmetor 

Ii^truet^r . 

IiiftnMtcr 

.1 

. 

ImtneUk,^ 

....,«>  i  .\  .  .' 

, 

Iwtructtr.t. 

...:.i. 

fiMrtrmi^.  .                                                                   

Miaeellaoeoui: 
IiwtnietorinMine 

AanMAft^  \o  Pw4  wd  TiwtrneW  Phwieftl  Oulf^p^ 

latnn 

Hatnn 

Ufttrao 

HflUMDmetor 

HflUMMothcr....                                           

DMmnof&vlnMrinf: 
DeiD'tOftoK 
Dna:...... ,. 

Cl«fc 
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STATE  BOARD  OF  AGRICULTURE. 

TABLE  NO.  9.-€(mtinuei. 


Bate  per 
year. 

Classification. 

Grade. 

Current. 

Experiment 
Station. 

Extension. 

Deptriment  of  Drawing  and  Deiigii: 
Ftofeflsor                                                                       

$3.000  00 
2.100  00 
2.000  00 
1.800  00 
1,800  00 
1,500  00 
1,200  00 
1,300  00 
780  00 

a2,700  00 
2.500  00 
1,900  00 
1.900  00 
1,800  00 
1.600  00 

3.000  00 
2,100  00 
1.300  00 
1.300  00 
2,000  00 
1,700  00 
2,200  00 
1,350  00 
1,000  00 

3,000  00 
2.000  00 
1,800  00 

3.000  00 
2,000  00 
2,000  00 
500  00 
250  00 
1,800  00 
1,500  00 

2,700  00 
2.250  00 
2.400  00 
2,250  00 
1.900  00 
1,700  00 

500  00 
1,500  00 

850  00 

3,000  00 
2.800  00 
2,500  00 
2,300  00 
1,800  00 
1,700  00 
1,600  00 

950  00 
1,600  00 
1,250  00 
1,250  00 
1,500  00 

950  00 
1,200  00 
1,360  00 
1.500  00 

$3.000  00 
2.100  00 
2.000  00 
1.800  00 
1,800  00 
1,500  00 
1,200  00 
1.300  00 
780  00 

2.700  00 
2.500  00 
1.900  00 
1.900  00 
1.800  00 
1,600  00 

3,000  00 
2.100  00 
1.300  00 
1.300  00 
2.000  00 
1.700  00 
2.200  00 
1.350  00 
1.000  00 

3.000  00 
2.000  00 
1,800  00 

2,300  00 
1.100  00 
1,000  00 
500  00 
250  00 
1.400  00 
1.500  00 

2,500  00 
2.250  00 
1.250  00 

800  00 
1.900  00 
1.700  00 

500  00 
1.500  00 

850  00 

9.000  00 
2,800  00 
2.500  00 
2.300  00 
1,800  00 
1.700  00 
1.600  00 

950  00 
1,600  00 
1.250  00 
1,250  00 
1,500  00 

950  00 
1.200  00 
1.350  00 
1.500  00 

AiM>fiiat4t  ProfoMor                                  .                       

AiMoeiAtci  ProfcflMV 

AniBiant  Profeflnr                             

Aniftant  Profeasor  . :    

Instructor  V                                               

lutruetor                                                           

D^rtment  oT  Civil  Engineering: 

Anociate  Profeaior 

AiMiftant  ProfwBor               

Ing^uclor                                                              

Instructor        .                

Department  of  Mechanical  Engineering: 

Amifltant  Profnwnr                .    .    .   ,    

Instructor 

Foreman  Forge  Shop . 

Fomnan  Pattern  8hoD 

Foreman  Machine  Shoo 

17#vAmAn  Fniinilrv 

^K^  Engineer 

Draartment  of  Electrical  Engineering: 

Anistant  Profeesor                                     

Assistant  Profeesor 

Division  of  Science  and  Letters: 
Department  of  Bacteriology: 

$700  00 

900  00 

1.000  00 

Research  Anociate  Professor . .               

Oraduate  Anistant                                                        

Graduate  Assistant 

Instructor 

400  00 

D^tmont  of  Botany: 

200  00 

Associate  Professor         

A^Bocifttc  ProfcoBor 

1.150  00 
1.450  00 

liesearch  Anociate  Professor 

AmifltAnt  Profnnor                                        . 

Anistant  Profenor 

(Iradiiate  AmiRtant 

Department  of  Chemistry: 
Professor       

Associate  Prtrfessw 

Amiirtant  Profftwor 

Instructor                                

Instructor                                     ■ 

Instructor .' 

Instructor                                        

DiBoensinff  Clerk                                 



Instructor                                                     
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Grade. 


Donriiiicnt  of  English: 

FroiMsor 

AMOciate  Pktifeasor 

A«i8taot  Profenor 

Instructor 

Instructor 

Instructor 

Instructor 

Instructor 

Instructor 

Instructor 

Dqnrtmont  of  Economics: 

Associate  ProfeaBor 

nt  of  Entomology: 

Instructor 

Inspector  AiMaries 

Stenographer 

Department  of  History: 

Instructor 

Draartment  of  Mathematics: 

Associate  Phjfcesor 

Assistant  PrtrfesBor 

Assistant  Phifessor 

Assistant  Phifessor 

Instructor 

DeDariment  of  Military  Science: 

Assistant  PtalesBor 

Physiol  Culture: 

Professor 

Instructor 

Department  of  Physics: 

Professor 

Associate  IVofessor 

Instructor 

Department  of  Zoology: 

Professor 

Assistant  Prtrfemor 

Assistant  Professor 

Assistant  Professor 

Instructor 

Instructor 

Division  of  Veterinary  Science: 
Veterinary  Department: 

Dean 

Assistant  Professor 

Stenographer 

Surgery  and  Clinic: 
Associate  IVofessor 

Dcnartment  of  Pathology: 

Associate  Professor 

Instructor 

nt  of  Anatomy: 

It  Prtfessor'..'.'. ".".'. '.'.'. 

Division  of  Agricult.:rc: 
Dean's  Ofliee: 

Dean 

Stenographer 


Rate  per 
year. 


a|2.700  00 
2,100  00 
2.000  00 
1.400  00 
1,400  00 
1.400  00 
1.700  00 
1.600  00 
1.000  00 
2.200  00 


3.000  00 
2.000  00 


a2.700  00 

1.650  00 

600  00 

850  00 


3.300  00 
1,500  00 


3.000  00 
2.400  00 
1.800  00 
1,700  00 
1.000  00 
1.600  00 


1.500  00 
720  00 


4.500  00 
cl.lOOOO 


3.000  00 
2.000  00 
1.200  00 


a2.700  00 
1.900  00 
1.900  00 
1.900  00 
1.700  00 
1.500  00 


3.300  00 

1.900  00 

720  00 


2.500  00 


2.700  00 
1.800  00 


2.700  00 
l.oOOOO 


aS.HOO  00 
850  00 


Ctassifieation. 


Current. 


S2.700  00 
2.100  00 
2.000  00 
1,400  00 
1.400  00 
1.400  00 
1,700  00 
1,600  00 
1.600  00 
2.200  00 


3.000  00 
2.000  00^ 

-•• 

2.300  00 

1.150  00 

600  00 

850  00 

t 
3.000  00 
1.500  00 

»Bi 

3.000  00 
2.400  00« 
1.800  OO4 
1.700  00 
1.900  00 
1.600  00 


1.500  00 
720  00 


4.500  00 
1,100  00 


3.000  00 
2.000  00 
1,200  00 


2.700  00 
1.900  00 
1.900  00 
1,900  00 
1,700  00 
1,500  00 


3.300  00 

1.900  00 

720  00 


2.500  00 


200  00 
1,800  00 


2.700  00 
1.500  00 


2.300  00 
500  00 


Experiment 
Station. 


S400  00 
400  00 


2,500  00 


1.500  00 
350  00 


Extension. 
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TABLE  No.  O-CMfMMtf. 


Bate  per 
jear. 

CfaflifteatioD. 

Grade. 

Cmrent 

BteHOn. 

Elt«Bri<NI. 

Dmujtmeot  itf  Animd  Biriwu^ 

$2,500  00 

2,000  00 

1.200  00 

720  00 

3.000  00 
2.500  00 
1.700  00 
1.500  00 
780  00 
860  00 

2.500  00 
1.200  00 
2.400  00 
1.700  00 
720  00 

2.500  00 
1,300  00 

1.800  00 

2.400  00 
1.200  00 
1.600  00 

3.000  00 

2.400  00 

1.100  00 

800  00 

3.000  00 

1,900  00 

1.800  00 

a3.000  00 

3.000  00 
2.150  00 
2.100  00 
2.100  00 
1.600  00 

1.600  00 

1.200:00 

3.000  00 
1.360  00 
2.050  00 
1.560  00 
1.000  00 
1,000  00 
2.200  00 
1,760  00 
1,600  00 
1.200  00 
960  00 
800  00 

$2.100  00 

2.000  00 

1.200  00 

720  00 

2.800  00 
2.500  00 
1.700  00 
1,500  00 
780  00 
850  00 

1,800  00 
1,200  00 

450  00 
1,700  00 

720  00 

1,960  00 
1,300  00 

1,800  00 

1.800  00 
1.200  00 
1.600  00 

2.800  00 

2.400  00 

1.100  00 

800  00 

2.300  00 
1.900  00 
1.600  00 
2.100  00 

2.400  00 
2.160  00 
1.060  00 
2.100  00 
1.500  00 

1.600  00 

$400  00 

Intraetor  

ffjylfW^fl                                                                                      .,.., ,,.... 

DmuimeDt  of  Dtiry  HmUndry: 

200  00 

TiMtneicr                           

SSr^"::;::::::::::::::;;:::::::::::::::::::::i:::: 

• 

SimtmruA^                            

Dntrtmnt  itf  Fkm  Gropt: 

700  00 

AiiintMit                                  

Iiw<rv«4^  ,           

1.060  00 

Instnietor 

DinH^Mnt  of  Fvm  Meehuioi: 

550  00 

InstHM^tor                    

Dmrtnnt  of  Firm  uul  Hctm: 
B^flrinVmlmi 

•tJWsIK?'"'*^ 

600  00 

FbulteyMin 

limigueiar                         

Dmu^MotofForettir: 

200  00 

DmHtDMBt  of  Hortieulture: 

700  00 

200  00 
900  00 

600  00 

Fh)tonr 

DyitoMntofSoiU; 

Anittfuii  TVofiawf 

1,060  00 

Aniffteni  nrffawi  

iMtnwior 

Dnwtmeot  of  Telegnpfay: 
liiftnietor                 

Encrimeot  SUtion: 
BoUny  Department: 
Amiitant  Plant  Bnwdin£           

1,200  00 

3,000'00 
1,360'00 
2,060  00 
1.560  00 
1,000  00 
1,000  00 
2,200  00 
1,750  00 
1,600  00 
1,200  00 
960  00 
800  00 

Chemiitnr  Depertment: 
Chemirt^TT. 

AMstant  Chemist 

Betfvreh  Anrifftitnt    , 

Airiftept      

-AflsistaDt 

AffrifftaPt      

Reeearch  Chemist 

Chief  Inqjector  Fertilisers  and  Feeds 

Inspector  Fertilisers  and  Feeds 

Inspector  Fertilisers  and  Feeds  .     i 

Bidlefintlerk 
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Dftiry  Department: 

AmutKBi 

Field  Aoeoantftnt 

Aaiisttitt 

Inepeetor-MUk  PtodaetioD 

fiitonolocy  Deptrtment: 
BeMrebAflutMit 

Eum  GrauDerartiiMat: 

Fum  uon  Breeder 

AflBHtuitTnBraeifiiig 

Hortiealtand  Deptrtment: 
AaebCuit 

UveStoek: 
Eiperiinentcr 

Soils  DefMrtment: 

Beeeweh  AwBrtmit 

Inrertigitor. 

BiMteiklasy: 

BeMHehAaoQiate 

ReHtrch  Aflriftui 

Diviflon  of  EbrteDBOB: 
AdminietratioQ: 

Direetor 

aerk 

Stenognpher , 

HomeEeoiM 
Speeidiat 
-        "t 

tinHMlth. 

t 

Stenognplier. 

Bm' and  Girls' CIttba: 

State  Leader 

Aaaiatant. 
Aaaiatant. 
Stenocrapii 

EartBMionSd 
SiQMriBteni 

FannCrqpa: 
SpedalMt. 
Spedaliat. 
StcDopapli 

litaStoek: 


91.SUU  uu 
1.300  00 

61.BUU  UU 

1,300  00 
1.600  00 
1.100  00 

2.000  00 

2,000  00 
1.200  00 

1.900  00 

2.600  00 

1.250  00 
1.400  00 

2.000  00 
1.800  00 

1.600  00 

1.100  00 

2.000  00 

2.000  00 

1,200  00 

1.000  00 

2.600  00 

1.260  00 

1.400  00 

2.000  00 

1.800  00 

2.800  00 

12,800  00 

1.050  00 

1,060  00 

800  00 

800  00 

1.080  00 

1.080  00 

2.800  00 

2.300  00 

300  00 

300  00 

1.080  00 

1,080  00 

1.080  00 

1,080  00 

1.080  00 

1.080  00 

1.080  00 

1,080  00 

700  00 

700  00 

600  00 

600  00 

600  00 

600  00 

1.080  00 

1,080  00 

600  00 

600  00 

i.aoooo 

1,800  00 

1.080  00 

1,080  00 

1,080  00 

1,080  00 

1,800  00 

1,800  00 

1.800  00 

1,800  00 

860  00 

'•' 

860  00 

1.600  00 

1.600  00 

1.400  00 

1,400  00 

1.600  00 

. , 

1.600  00 

1.400  00 

1,400  00 

760  00 

760  00 

800  00 

800  00 

700  00 

700  00 

1.150  00 

1.160  00 

820  00 

820  00 

1.600  00 

1.600  00 

1.800  00 

1,800  00 

1.600  00 

1.600  00 

860  00 

860  00 

700  00 

700  00 

600  00 

60000 
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Bate  per 
year. 

Glaasification. 

Grade. 

Current 

Experiment 
Station. 

Extenwon. 

Horticulture: 
Specialist 

$2.000  00 
2.000  00 

2.400  00 
1,600  00 

1,800  00 

1.200  00 
120  00 

1.800  00 
1.200  00 

1.800  00 

1,700  00 

1.800  00 
1,000  00 

600  00 
1.300  00 

1.460  00 

760  00 

240  00 
2.600  00 

$2.000  00 

Amifitant 

2,000  00 

Pototocs  and  VegeUblee: 
Specialist 

2.400  00 

Specialist  '    



1.600  00 

Muck  Grope: 
Specialist 

1.800  00 

i.aoooo 

Aimi(it*nt 

120  00 

Gontrol  of  Insect  Pests: 
^)eeialist                      

1.800  00 

Specialist  in  Apiculture 

1.200  00 

Household  Engineering: 
Specialist  .          

1.800  00 

Forestry: 
Specialist 

1.700  00 

Poultry: 
Specialist  ...   .             

1.800  00 

Specialist • 

1.000  00 

Markets: 
Specialist             

600  00 

Field  Agent 

1.300  00 

Accountant 

$125  00 

1.325  00 

Publication  Clerk 

750  00 

Assist  Leader  in  Home: 
Demonstration 

t 

240  00 

Dairy  Specialist 

2,600  00 

Totol 

$446,646  00 

$314,056  00 

$61,646  00 

$69.»45  00 

a— House. 

b— Other  sources  $  1.000.00.    House . 

c— Use  of  rooms. 


Digitized  by 


Google 


AGRtOULTtRAL  OOLLBGB  ACCOUNTS.  2rt 

TABLE  NO.  lO.-nSaloriet  Experiment  8iaiion,fi*eal  year  ending  June  SO,  1919. 


Director 

Bacteriologist 

Research  Associate  in  Bacteriology 

Keseareh  Assistant  in  Bacteriology 

Research  Assistant  in  Bacteriology 

Research  Assistant  in  Bacteriology 

Research  Assistant  in  Bacteriology 

Assistant  in  Bacteriology 

Assistant  in  Bacteriology 

Animal  Patholopst 

Assistant  in  Anunal  Pathology 

Botanist 

Associate  Botanist 

Research  Associate  in  Botany 

Research  Associate  in  Plant  Pathology . 

Assistant  in  Plant  Pathology 

Chemist 

Research  Associate  in  Chemistry 

Research  Associate  in  Chemistry 

Assistant  in  Chemistiy 

Assistant  in  Chemistry 

Assistant  in  Chemistry 

Assistant  in  Chemistiy 

Assistant  in  Chemistry 

Assistant  m  Chemistiy 

ChidT  Inq)ector  in  Fertilisers  and  Feeds 

Inq)ectar  in  Fertilisers  and  Feeds 

Ins^tor  in  Fertilisers  and  Feeds 

Animal  Pwh^^d""*" 

Dairy  Husbandman 

Assistant  in  Dairying 

Assistant  in  Dairying. 

Accountant  in  MiUc  Product 

Field  Inspector  in  Milk  Phxiucts 

Entomologist 

Research  Associate  in  Entomology 

Assistant  in  Entomology 

Farm  Crops  Experimenter 

Research  Associate  in  Crop  Breeding . . . 

Superintendent  Cr<n>  Experimmts 

Associate  in  Farm  Meclnnics 

Forester 

Vice  Director  and  Kvticulturist 

Horticulturist 

Research  Associate  in  Horticulture 

Assistant  in  Horticulture 

Assistant  in  Horticulture 

Associate  Poultry  Husbandman 

Soils  Physicist 

Research  Associate  in  Soils 

Research  Associate  in  Soils 

Investigator  in  Soils 

librarian 

Secretary ', 

Cashier 

Bookkeeper 

Chie  Clerk 

StenfOgrapher 

Sten  ographer 

Bulletin  Clerk 

Live  Stock  Exp^imenter 

Fiber  Investigator 

ToUl 


$1.500  00 

700  00. 

2,000  00 

1,800  00 

300  00 

375  00 

111  24 

413  90 

374  90 

2.500  00 

464  70 

200  00 

1,150  00 

412  50 

1.450  05 

466  70 

2,999  95 

1,100  00 

2,050  00 

1,550  00 

1,000  00 

83160 

539  25 

27  42 

19  50 

1,750  00 

1,600  00 

900  00 

400  10 

200  00 

1.800  00 

691  67 

1,214  29 

914  60 

400  00 

2,000  00 

400  00 

525  00 

1,949  95 

900  00 

550  00 

200  00 

900  00 

700  00 

1,000  00 

200  00 

1,899  95 

600  00 

600  60 

1.562  50 

1.050  00 

470  60 

120  00 

700  00 

200  00 

97  82 

125  00 

950  00 

350  00 

800  00 

2.500  00 

974  20 

156,532  59 
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TABLE  NO.  ll.'SakHmBtkMtiMi.fUealt/mrmdbigJtmtW,  1919, 


Admiittskntion: 

Director , 

Clerk 

StflDopraplMr 

SupenntOMknt  of  Publicationi, 

Stenographer 

Aeoountant 

Home  Eoanomioi: 

Specialist  in  Chaise 

Specialist 

Specialist 

Assistant 

Assistant 

Assistant 

Specialist  in  Health 

Stenographer 

Ektcnsian  Schools: 
Saperintendnit 

Boars'  and  Girls'  Club  Work: 

State  Leader 

SUte  Leader 

Assistant  SUte  Leader 

Assistant  SUte  Leader 

Assistant  SUte  Leader 

Stenographer 

Stenographer 

Fum  Crops: 

Specialist 

Assistant  ^p«cialist 

Stenographer 

Livestock: 

Specialist 

Assistant  Specialist , 

Horticulture: 

Specialist , 

Specialist.... 

FbUtoes  and  VegetaUee: 

Specialist 

Specialist 

Stenographer 


11.800  00 

1.000  00 

800  00 

900  00 

760  00 

1.308  30 

1.734  08 

163  30 

1.403  43 

889  00 

104  30 

853  31 

339  09 

464  19 

1.013  46 

1.013  46 

899  94 

389  09 

389  09 

849  44 

880  16 

339  69 

368  94 

600  00 

863  31 

630  40 

1.013  40 

874  30 

000  00 

746  00 

746  Ml 
1.013  46 

1.013  46 

349  60 

746  00 

349  60 

849  60 

898  40 

374  80 

340  60 

860  00 

1,600  00 

933  10 

83  60 

1.400  00 

101  00 

99  80 

1.880  40 

760  00 

1.600  00 

376  00 

666  30 

1.160  00 

409  00 

89  60 

860  00 

800  00 

1.800  00 

677  76 

839  20 

700  00 

600  00 

885  80 

89185 

3.400  00 

777  78 

16  63 
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TABLE  Na  ll-ConHnuei, 

Control  of  Muck  DiaeMes: 
Speoialist 

Farm  M  anagement  DeiD<»stration : 

Specialist. 

Aaristant 

Control  Insect  Pests: 
^)eciali8t 

Household  Engineering: 
Speciftlist 

Markets: 

Director 

Specialiet 

Specialist 

Poultry: 

Specialist ' 

Assistant >  — 

Forestry: 
Specialist 

Dairy: 
Soecialist 

A^  culture: 
Specialist ; 

Total 


30a 


|1»360  00 


700  90 
90  00 


1,800  00 
1.800  00 


1,327  80 
500  00 
476  71 


1,800  00 
1,000  00 


860  00 
1,644  40 
1,200  00 


S63,261  82 
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REPORT  OF  THE  PRESIDENT. 

To  the  State  Board  of  Agriculture: 

Early  in  July,  1918,  a  request  was  received  from  the  Committee  on 
Education  and  Special  Training  of  the  War  Department  saying  that  owing 
to  the  proposed  establishment  of  a  Student  Army  Training  Corps  in  all 
the  colleges  throughout  the  land  and  the  consequent  demand  for  men  of 
experience  to  act  as  Military  instructors,  members  of  our  faculty  who 
would  volunteer  should  attend  an  Officer^s  Training  School  at  Fort 
Sheridan,  111.,  lasting  for  six  weeks  beginning  July  10th.  Dr.  M.  M. 
McCool  and  Professors  George  G'authier,  M.  M.  Cory  and  C.  M.  Cade 
volunteered  for  this  duty  and  were  in  attendance  at  the  school  for  the  six 
weeks'    course. 

The  entire  plant  of  the  college  being  made  available  for  the  training 
of  auto  mechanics  and  auto  truck  drivers — enlisted  men — necessitated 
the  erection  of  barracks  for  the  accomodation  of  the  increased  numbers 
which  the  establishment  of  the  S.  A.  T.  C.  brought  about.  The  site 
selected  was  immediately  on  the  east  of  the  Horticultural  building  where 
connection  with  the  steam  system  and  sewerage  could  easily  be  obtained. 
Eight  barracks  and  two  mess  halls  accommodating  fourteen  hundred 
men  were  erected  and  .completed  just  before  the  fir^t  of  October  when 
the  College  opened  under  the  S.  A.  T.  C.  plan.  Into  these  barracks  were 
brought  the  men  of  Class  B,  those  who  remained  under  instruction  for 
but  two  months  and  were  trained  in  the  techincal  branches  of  auto 
mechanics.    These  were  housed  in  the  barracks  and  fed  in  the  mess  halls. 
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October  first,  all  available  places  in  the  men's  dormitories  and  the 
upper  parts  of  the  Agricultural  and  Engineering  buildings  were  given 
over  in  accomodating  the  men  of  the  S.  A.  T.  C,  Class  A.  Under  Govern- 
ment regulations  these  men  must  all  be  high  school  graduates  or  have 
had  equivalent  training.  Men  from  all  over  Michigan  were  received  and  on 
October  first,  with  an  impressive  ceremony  they  were  sworn  in  as  joint 
members  of  the  College  and  as  soldiers  in  the  United  States  Army  sub- 
ject to  military  discipline.  They  were  clothed  in  U.  S.  uniform  and  received 
the  pay  of  a  private  in  the  ranks. 

The  Navy  department  also  established  a  unit  for  naval  training  con- 
sisting of  fifty  men.  They,  however,  were  not  segregated  from  the  S.  A. 
T.  C,  but  were  a  part  of  it. 

All  went  well  until  the  tenth  of  October  when  Influenza  appeared. 
The  characteristic  symptoms  of  the  disease  were  at  once  recognized 
and  efforts  were  made  by  the  Medical  Corps  to  restrict  th^  spread  of  the 
disease  but  without  avail.  As  a  consequence,  extensive  hospital  space 
was  our  greatest  need.  The  only  way  in  which  this  could  be  provided 
was  by  moving  men  from  the  east  barracks  to  the  new  gynmasium  and  using 
the  barracks  with  cubicles  as  hospitals  for  the  Influenza  patients.  The 
disease  was  with  us  from  October  tenth  until  after  the  armistice  was 
signed.  Deaths  from  the  disease  numbered  eighteen.  Aside  from  these 
many  of  the  cases  were  of  such  a  severe  nature  that  the  patients  have 
been  a  long  time  in  acquiring  normal  health. 

Quarantine  was  established  immediately  after  the  Influenza  showed  a 
number  of  cases  and  the  young  women  of  the  college  were  segregated  in 
all  class  work  from  the  young  men.  This  quarantine  was  maintained  for 
over  six  weeks  and  resulted  in  our  being  able  to  keep  the  Influenza  from 
spreading  from  the  army  detachment  to  the  occupants  of  the  women's 
dormitories.  There  were  only  two  mild  cases  among  the  young  women 
which  might  have  been  diagnosed  as  Influenza  but  there  were  no  deaths 
among  the  young  women  students  throughout  the  balance  of  the  prevalence 
of  the  epidemic  or  the  rest  of  the  college  year. 

I  desire  at  this  point  to  acknowledge  gratefully  the  assistance  rendered 
by  both  the  Lansing  and  the  East  Lansing  Red  Cross  throughout  the 
Influenza  epidemic  and  also  the  great  service  rendered  by  Miss  Elizabeth 
Parker,  College  Extension  Specialist  in  Home  Nursing  and  Mrs.  Margaret 
S.  Holt,  hostess  at  the  Peoples  Church  at  East  Lansing.  This  church 
offered  the  use  of  their  parlor  as  a  headquarters  for  the  friends  of  students 
suffering  from  Influenza,  where  Mrs.  Holt  met  them  and  rendered  every 
assistance. 

When  the  first  case  of  Influenza  appeared,  the  feeding  of  the  patients 
was  a  matter  entrusted  to  the  army  cooks  at  the  mess  halls.  As  a  result, 
the  food  which  could  be  provided  the  invalids  was  of  a  nature  suitable 
to  a  military  campaign.  Professors  Edmonds  and  Garvin  of  the  Home 
Economics  department  early  recognized  this  difficulty  and  under  their 
supervision,  aid  and  assistance,  a  diet  kitchen  was  established  in  the 
basement  of  the  Horticultural  building  adjacent  to  the  barracks.  This 
change  in  the  dietary  gave  favorable  results  at  once. 

For  the  next  few  years,  no  aggregation  of  teachers  will  ever  gather  in 
the  United  States  without  discussing  more  or  less  heatedly  the  outcome 
of  the  experiment  of  the  establishment  of  the  S.  A.  T.  C.  While  both 
students  and  teachers  endeavored- to  make  the  plan  a  success  from  an 


Digitized  by 


Google 


34  STATE  BOARD  OF  AGRICULTUHE. 

educational  standpoint  as  well  as  the  standpoint  of  military  training, 
owing  to  the  multiplicity  of  details  and  the  newness  of  the  idea  together 
with  the  overpowering  drawback  of  the  great  Influenza  epidemic,  the 
results  obtained  educationally  were  far  from  satisfactory. 

On  the  signing  of  the  armistice  November  11th,  the  question  at  once 
arose  whether  the  plan  of  the  S.  A.  T.  C.  should  be  continued.  The  matter 
was  submitted  to  be  voted  upon  at  a  mass  meeting  of  the  members  of 
the  corps  and  an  overwhelming  majority  of  the  members  voted  adversely. 
This  being  also  the  outcome  of  similar  expressions  of  students  in  other 
colleges,  the  plan  was  not  continued  beyond  the  close  of  the  fall  term. 
One  of  the  meml>ers  of  the  organization  expressed  it  thus — '*S.  A.  T.  C. — 
Stick  Around  Till  Christmas/' 

The  College  opened  for  the  winter  term  on  the  pre-war  basis  and  with 
a  fairly  large  representation  of  young  men  at  the  opening  of  the  term; 
many  were  back  from  the  service  in  the  cantonments  and  from  time  to 
time  men  wearing  the  service  stripes  from  abroad  dropped  in  so  that 
each  week  showed  an  addition  to  our  student  body  due  to  soldiers  from 
the  service. 

The  severity  of  the  Influenza  epidemic  made  the  postponement  of  the 
winter  course  scheduled  to  begin  early  in  November,  advisable. 

The  Eight  Weeks'  courses  were  inaugurated  as  usual  and  at  the  close 
of  these  courses  we  made  use  of  the  now  useless  barracks  for  a  display  of 
material  at  our  Round-up  Institute  which,  owing  to  lack  of  space  here- 
tofore, we  have  never  been  able  to  do.  The  eight  barracks,  20x120, 
were  filled  with  illustrative  and  instructive  material  from  the  various 
departments  of  the  College  to  which  were  added  very  interesting  exhibits 
from  the  State  Food  and  Drug  Commission,  the  State  Board  of  Health  and 
the  State  Highway  department  as  well  as  other  contributors.  The  .United 
States  loaned  us  a  machin'^  gun,  also  a  liberty  motor  with  propeller  blade 
which  attracted  much  interest.  As  a  consequence  of  this,  our  attendance 
during  the  Round-up  Institute  was  the  largest  the  College  has  ever  en- 
joyed, estimated  at  between  four  and  five  thousand  people.  The  planning 
and  carrying  out  of  this  project  should  be  credited  largely  to  the  efforts 
of  Mr.  Ashley  M.  Berridge,  Director  of  the  Winter  Courses,  and  his  as- 
sistants. Those  who  saw  the  exhibit  urged  upon  us  the  necessity  of 
making  such  an  exhibit  annually,  It  should  be  one  of  our  future  plans 
to  provide  a  large  and  appropriate  place  for  similar  exhibits  to  be  made 
annually  as  a  feature  of  Round-up  week. 

Early  in  the  spring  term  the  Government  began  assigning  to  us  re- 
turned wounded  soldiers  who  under  the  Smith-Sears  Act  were  eligible  for 
technical  training  as  a  means  of  rehabilitation.  These  men  have  remained 
with  us  for  the  balance  of  the  year  and  have  been  doing  excellent  work 
and  we  are  confident  that  the  efforts  of  the  Government  in  this  direc- 
tion will  warrant  the  outlay  of  money. 

CHANGES   IN   BUILDINGS. 

January  "first,  at  noon,  Williams  Hall  was  discovered  to  be  in  flames 
and  notwithstanding  the  strenuous  efforts  of  both  the  Lansing  and  the 
East  Lansing  fire  departments,  it  was  burned  to  the  ground.  This  was 
the  oldest  of  our  present  dormitories  having  been  completed  in  1868.  The 
fire  involves  the  loss,  not  only  of  rooms  for  men  students  but  also  the 
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matter  of  Club  boarding  facilities.  Extensive  improveiiients  had  just 
been  made  in  the  building  in  relation  to  its  dining-room  and  kitchen 
facilities  and  the  effects,  of  the  loss  are  serious  when  we  consider  the 
present  and  future  needs  of  the  College.  It  is,  however,  to  be  hoped 
that  for  the  coming  two  years  the  facihties  provided  in  the  East  Lansing 
dining  halls  and  cafes  will,  together  with  the  large  facilities  now  existing 
in  Wells  Hall  provide  for  our  needs  of  the  men. 

(It  is  of  interest  to  note  that  Williams  Hall  was  occupied  as  a  dormitory 
for  just  fifty  years  and  was  the  first  building  heated  by  steam  erected  on 
the  campus.  At  the  time  it  came  into  use  the  college  attendance  for  the 
year  totaled  seventy-nine — eleven  seniors,  thirteen  juniors,  twenty-seven 
sophomores  and  twenty-eight  freshmen.  The  average  age  of  all  the 
classes  varied  from  twenty  to  twenty-two  years.) 

The  bell  which  has  for  the  last  twenty  years,  sounding  from  the  tower 

.  of  Williams,  wakened  the  student  to  his  daily  duties,  was  lost  with  the 

building.     A  series  of  electrically  controlled  clocks  were  installed  in  the 

various  buildings  early  in  March  and  so  far  seem  to  fill  our  requirements  for 

time  service. 


The  small  gymnasium  room  in  the  women*s  building  having  become 
inadequate  for  the  needs  of  our  increased  attendance  of  young  women  and 
greater  facilities  being  needed  for  lecture-room  purposes,  this  room  was 
converted  into  an  amphitheatre  lecture-room  for  Home  Economics.  To 
provide  for  the  physical  training  of  our  young  women,  the  new  Gymnasium 
was  requisitioned  for  their  use  in  the  forenoon  for  five  days  in  the  week  and 
as  a  result  the  young  women  have  had  during  the  past  six  months  the 
best  facilities  for  physical  training  that  they  have  ever  enjoyed.    A  special 
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instructor  in  swimming,  Miss  Helen  Grimes,  was  secured  and  through  her 
efforts  a  large  proportion  of  our  young  women  are  now  able  to  swim  and 
it  will  not  be  long  before  this  accomplishment  will  be  considered  a  necces- 
sary  adjunct  to  the  training  of  every  one  of  our  young  women. 

RESIGNATIONS. 

Professor  Harry  J.  Eustace,  who  returned  to  take  up  his  college  work 
at  the  beginning  of  the  present  year  after  service  under  Mr.  Hoover  in 
Food  Administration  during  the  preceeding  year  in  an  important  capacity, 
resigned  as  Professor  of  Horticulture  at  the  close  of  the  current  year 
to  accept  a  very  responsible  position  in  the  advertising  department  of 
the  Curtis  Publishing  Company  of  Philadelphia  at  a  greatly  increased 
salary.  Professor  Eustace  will  be  remembered  by  his  students  both 
for  his  ability  as  a  teacher  and  his  preeminent  social  quaUties. 

NECROLOGY. 

Henry  G.  Reynolds,  Class  of  1870,  died  September  5,  1918,  at  Pasadena, 
California.  Mr.  Reynolds  served  as  a  member  of  the  State  Board  of 
Agriculture  from  1879  to  1885.  On  completion  of  his  term  as  a  member 
he  was  elected  as  Secretary  of  the  Board  and  served  from  1885  to  1893. 
Mr.  Reynolds'  interest  iii  the  College  from  the  time  of  his  entrance  as 
a  Freshman  never  lagged  in  the  slightest  degree. 

Rolla  C.  Carpenter,  Class  of  1873,  died  at  Ithaca,  N.  Y.,  January  19, 
1919.  This  gentleman  held  the  Professorship  of  Mathematics  and  En- 
gineering at  this  College  from  1875  to  1890.  From  1890  until  January  of 
the  present  year  he  was  Professor  of  Experimental  Engineering  at  Cornell 
University,  retiring  from  active  duty  at  that  date.  Professor  Carpenter 
was  one  of  the  best  known  engineering  instructors  in  the  United  States. 

Byron  D.  Halsted,  Class  of  1871,  died  August  28,  1918,  at  New  Bruns- 
wick, N.  J.  Professor  Halsted  acted  as  instructor  immediately  upon 
graduation,  later  becoming  connected  with  the  editorial  staff  of  the 
American  Agriculturalist  and  finally  assuming  the  Professorship  of  Botany 
at  Rutgers  College  in  1878  where  he  continued  until  the  time  of  his  death. 
His  work  as  a  Plant  Pathologist  had  national  recognition. 

From  our  teaching  staff  two  deaths  due  to  influenza  are  to  be  recorded — 
Professor  Rose  Taylor  of  the  Botany  department  died  on  December  6, 
1918,  after  a  week's  illness. 

Dr.  Domina  J.  Lamoreaux,  who  graduated  with  the  Class  of  1918  and 
was  assistant  in  the  department  of  Animal  Pathology,  died  on  February 
27,  1919,  after  an  illness  of  but  five  days  from  influenza. 

The  College  lost  two  efficient,  conscientious  workers. 


The  unclassified,  employees  of  the  College,  steam  fitters,  electricians, 
mechanics  and  day  laborers  have  heretofore  been  entirely  without  pro- 
tection in  case  of  sickness  or  accident.  During  the  year,  however,  a 
mutual  benefit  association  has  been  formed  to  which  all  the  employees 
of  the  College  are  invited  to  membership.  This  is  now  successfully 
established  with  approximately  one  hundred  and  twenty  men  from  the 
pay  roll  as  members.    I  believe  this  is  a  very  proper  step. 
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The  Legislature  of  1919,  after  appointing  a  committee  to  investigate 
the  system  of  accounting  and  general  financial  administration  of  the 
College  and  finding  that  the  methods  employed  in  the  Secretary's  office 
were  entirely  adequate,  turned  their  attention  to  the  needs  of  the  institu- 
tion and  after  careful  investigation  by  the  committees  from  both  houses, 
unanimously  passed  a  bill  granting  a  total  of  $180,000.00  for  the  support 
of  Extension  work,  also  $560,000.00  for  the  expense  involved  in  the  erection 
of  a  new  Library  and  Office  building  combined  and  also  an  adequate 
Auditorium. 

On  April  6th,  Ex-President  William  Howard  Taft  delivered  his  lecture 
upon  the  League  of  Nations  before  the  College  in  the  new  Gynmasium. 
President  Taft's  arrival  in  the  city  afforded  an  opportunity  for  the  Legis- 
lature to  invite  his  appearance  before  that  body  where  earUer  in  the  day 
he  discussed  the  League  and  its  underlying  principles  before  them. 

As  a  result  of  our  spring. Military  inspection  by  the  officer  detailed 
from  the  Government,  the  R.  0.  T.  C.  Unit  was  found  in  such  good 
condition,  due  to  the  untiring  efforts  of  Major  Wrightson,  that  M.  A.  C. 
was  for  the  first  time  placed  in  the  class  of  ''Distinguished  Colleges''  by 
action  of  the  War  Department. 

On  June  10th,  the  College  was  visited  by  a  delegation  from  the  State 
of  Arkansas  headed  by  the  Governor,  C.  H.  Brough,  of  that  state  and  em- 
bracing many  citizens  of  prominence.  The  day  was  spent  in  the  inspection 
of  the  College  and  its  equipment  which  appealed  so  strongly  to  these 
gentlemen  that  they  have,  since  their  visit  to  us,  made  efforts  to  separate 
the  Agricultural  section  from  the  University  of  Arkansas  and  establish 
it  in  a  region  which  is  better  suited  to  its  development  than  it  now  occupies. 

Among  the  usual  pleasant  activities  of  Commencement  an  innovation 
was  instituted  consisting  of  a  Pageant,  the  essential  idea  of  which  was 
the  historical  development  of  America  from  the  earliest  times  to  the  pres- 
ent. Assistant  Professor  Norma  Gilchrist  Roseboom  of  the  English 
department  devised  the  plot  of  the  Pageant  and  was  assisted  by  the 
staff  of  the  Home  Economics  Division.  All  the  young  women  in  the 
College  participated. 

Commencement  day  we  graduated  a  class  of  one  hundred  and  nirfe 
persons.  With  those  receiving  diplomas  were  members  of  the  Senior 
Class  who  owing  to  the  war  had  not  completed  their  college  work.  The 
Baccalaureate  address  was  deUvered  by  Rev.  WilHam  W.  Atkinson  of 
Detroit,  Chaplain  of  the  119th  Field  Artillery.  The  Commencement 
address,  "Yesterday  and  Tomorrow,"  was  given  by  Dr.  Robert  M.  Wenley 
of  the  Department  of  Philosophy  of  the  University  of  Michigan. 

In  closing  this  chronicle  I  desire  to  express  a  deep  feeling  of  gratitude 
for  the  fidc£ty  and  earnestness  with  which  every  member  of  the  College 
has  carried  on  during  these  most  trying  years. 

Respectfully  submitted, 

FRANK  S.  KEDZIE, 

President. 
June  30,  1919. 
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REPORT  OF  THE  DEAN  OF  AGRICULTURE. 

To  President  F.  S.  Kedzie: 

The  work  of  agricultural  education  within  the  division,  during  the 
year,  was  seriously  interfered  with  by  the  war,  as  nearly  all  students 
qualified  for  war  service  enlisted  or  were  called  by  the  draft.  As  the 
course  outlined  for  the  Students  Army  Training  Corps,  offered  at  the 
beginning  of  the  year,  did  not  contain  any  agricultural  or  scientific  sub- 
jects closely  related  thereto,  the  agricultural  course  was  pursued  only  by 
those  unqualified  for  military  service  and  those  under  draft  age.  After 
the  signing  of  the  armistice  and  the  resumption  of  the  course  at  the 
beginning  of  the  winter  term,  every  effort  was  put  forth  to  adjust  the 
most  satisfactory  classifications  for  those  whose  work  had  been  inter- 
rupted by  military  service.  The  faculty  was  generous  in  granting  sub- 
stitutions for  courses  missed  and  not  offered  again  during  the  year.  The 
following  table  indicates  the  number  and  classification  of  those  enrolled 
during  the  year,  not  including  125  who  attended  the  first  session  of  the 
summer  school  which  began  June  23rd. 


SUMMARY   OF   AGRICULTURAL   STUDENTS. 
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Summer  Session  (1918) 

361 

On  account  of  the  ravages  of  influenza,  the  opening  of  the  short  courses 
was  deferred  until  January  6,  1919.  These  courses  progressed  satisfactorily 
with  gratifying  results  under  the  capable  direction  of  Mr.  A.  M.  Berridge, 
even  though  the  conditions  were  very  unsettled  and  unusual.  The  fol- 
lowing statement  includes  a  classification  of  the  numbers  enrolled  in 
the  various  courses. 

SHORT  COURSES. 

Eight  Weeks  General  Agriculture,  First  Year 66 

Eight  Weeks  General  Agriculture,  Second  Year 12 

Sixteen  Weeks  General  Agriculture,  First  Year 15 

Sixteen  Weeks  General  Agriculture,  Second  Year 10 

Poultry  Course 15 

Horticultural  Course 7 
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Special  Course ', 10 

Dairying 17 

Gardening 16 

Apiculture 26 

Four  Weeks  Tractor  Course 166 


360 


In  the  Agricultural  Division  and  Experiment  Station  no  less  than 
forty-six  persons,  mostly  younger  instructors  and  investigators,  responded 
to  the  call  of  their  country  in  its  great  crisis  and  rendered  valuable  aid 
in  actual  military  service  or  in  furnishing  assistance  indirectly  in  various 
ways.  A  word  of  commendation  is  due  those  who  remained  at  home  and 
who  were  called  upon  to  increase  their  efforts  in  order  to  continue  some 
of  the  most  essential  work  which  had  been  abandoned.  The  following 
list  indicates  the  numbers  of  those  from  the  various  departments  who 
engaged  in  military  service  or  war  work: 

Military  War  Work 

Dairy 5  3 

Crops 5  1 

Bacteriology *  . .  . .  8  - 

Horticulture 5  1 

Botany 4  1 

Entomology 1 

Chemistry 3  ,              2 

Soils 1  2 

Poultry 2 

Forestry 1  1 

35  11 

The  following  list  includes  the  agricultural  teachers  and  experiment 
station  investigators,  who  during  the  past  year  have  gone  into  military 
service  or  other  war  work: 

DAIRY. 

C.  E.  Newlander,  U.  S.  Dairy  Commission. 
F.  Hagadorn,  U.  S.  Dairy  Commission. 
R.  W.  Wyant,  Medical  Corps. 
A.  C.  Lytle,  Army. 
Paul  Omans,  Army. 
S.  J.  Brownell,  Army. 
Herman  Andrews,  Officers  Training  Camp. 
•     A.  Ransford,  Girls'  Training  School  for  Farm  Work,  Illinois. 

CROl»S. 

J.  F.  Cox,  Air  Plane  Supply  Division,  Washington,  D.  C. 

E.  E.  Down,  Army. 

A.  L.  Bibbins,  Army. 

W.  P.  Murphy,  Marines. 

L.  H.  Gretton,  Navy.    . 

O.  Lafdlaw,  Army. 
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BACTERIOLOGY. 

Robt.  Tweed,  Army. 

J.  F.  Morgan,  Sanitary  Corps. 

C.  G.  Nobles,  Medical  Corps. 

b\  W.  Fabian,  Sanitary  Corps. 

1.  F.  Huddleson,  Medical  Corps. 

L.  H.  Cooledge,  Medical  Corps. 

L.  R.  Jones,  Red  Cross  Sanitary  C'orps. 

H.  J.  Stafseth,  Veterinary  ('orps. 

HORTICULTURE. 

Prof.  H.  J.  Eustace,  Food  Administration,  Washington,  D.  C. 

R.  W.  Peterson,  Medical  Corps. 

H.  Don  Hootman,  Army. 

J.  H.  Carmody,  Army. 

E.  B.  More,  Army. 

E.  C.  Volz,  Axxny. 

BOTANY. 

C.  F.  Murphy,  Army. 

C.  W.  Bennett,  Army. 

H.  C.  Young,  Sanitary  Corps. 

Ray  Nelson,  Army  for  a  while,  later  receiving  agr.  exemption. 

J.  H.  Muncie,  Bureau  of  Plant  Industry,  Washington,  D.  C. 

ENTOMOLOGY. 

p.  B.  Wiltberger,  Medical  Corps. 

CHEMISTRY. 

C.  S.  Robinson,  Sanitary  Corps. 

E.  J.  Miller,  Sanitary  Corps. 

F.  F.  Hebard,  Naval  Training  School. 
Percy  O'Meara,  Army. 

T.  E.  Friedemann,  Medical  Officers  Training  School. 

SOILS. 

W.  A.  Laudemann,  Chemical  Work. 

L.  C.  Wheeting,  Army. 

C.  A.  Hoag,  Chemical  Work. 

POULTRY 

W.  E.  Newlon,  Army. 

M.  W.  Dickson,  Officers  Training  Camp. 

FORESTRY. 

E.  C.  Mandenberg,  Y.  M.  C.  A.  War  Work. 
P.  M.  Hodgkins,  Army. 
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The  division  is  now  busily  engaged  considering  changes  in  courses 
and  the  addition  of  new  ones  in  order  to  meet  the  demands  and  the  great 
social  and  economic  changes  resulting  from  the  war.  An  endeavor  has 
been  made  to  meet  the  educational  needs  of  those  returning  from  military 
service  with  physical  disabilities  as  well  as  those  desiring  further  education 
along  agricultural  lines  resulting  from  changed  methods  of  living  and 
environmental  conditions. 

The  members  of  the  division  are  looking  forward  with  expectancy  and 
renewed  ambitions  toward  the  beginning  of  another  college  year  when 
many  of  the  disturbing  factors  of  the  horrible  war  shall  have  been  left 
behind. 

Respectfully  submitted, 

R.  S.  SHAW, 
Dean  of  Agriculture- 
East  Lansing,  June  30,  1919. 

REPORT  OF  THE  DEPARTMENT  OF  HORTICULTURE. 

To  the  President: 

Sir — I  herewith  submit  the  following  report  for  the  Department  of 
Horticulture  and  Landscape  Gardening  for  the  year  ending  June  30,  1919. 

From  August  26,  1917,  until  October  3,  1918,  my  services  were  con- 
tributed by  the  State  Board  of  Agriculture  to  the  Food  Administration  at 
Washington,  D.  C,  upon  the  request  of  Mr.  Herbert  C.  Hoover.  It 
was  Mr.  Hoover's  policy  of  administration  to  ask  colleges,  universities, 
and  business  organizations  to  contribute  the  services  of  some  of  their 
men  during  the  war  period.  My  duties  were  as  Associate  in  Charge  of 
the  Perishable  Food  Division. 

A  statement  of  each  member  of  the  department  should  be  a  matter  of 
pride  and  record. 

Mr.  H.  C.  Moore,  Extension  Specialist  entered  the  service  on  August 
26,  1917,  only  a  month  after  he  entered  upon  his  duties.  He  was  commis- 
sioned 2nd  Lieut.  P.  A.,  November  27, 1917.  He  was  honorably  discharged 
from  the  service  on  December  20,  1918  and  at  once  took  up  his  duties  here. 

Mr.  J.  H.  Carmody,  Extension  Specialist,  entered  the  service  as  a 
private,  September  1917;  was  appointed  Sergeant,  1st. Class,  June  11, 
1918,  and  commissioned  as  Lieutenant,  November  14,  1918,  but  declined 
the  honor.  He  served  several  months  in  France  and  was  honorably  dis- 
charged and  began  his  duties  soon  afterward. 

Mr.  R.  W.  Peterson,  Assistant  in  the  Experiment  Station  resigned  to 
enter  the  service  and  has  spent  several  months  in  France.  At  present  he 
is  stationed  at  Cambridge,  England. 

Mr.  A.  T.  Hootman,  Foreman,  entered  the  service  as  a  private  in  the 
Eighty-Fifth  Division  and  has  been  appointed  Sergeant  and  is  now  in 
Archangel,   Russia. 

It  has  not  been  the  poUcy  of  the  department  to  ask  for  a  deferred 
classification  for  any  members. 

So  far  as  possible  an  accurate  record  has  been  kept  of  every  student 
of  the  department  who  was  in  the  military  service.  Their  names  and 
class  have  been  placed  on  a  service  roll.  It  contains  141  names,  the  only 
gold  star  name  being  Lieutenant  Herbert  J.  Sheldon,  of  the  class  of  1914, 
who  was  killed  in  action. 
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Since  this  will  be  my  last  report,  I  desire  to  place  Upon  record  the 
number  of  students  who  have  graduated  from  the  Agricultural  course 
after  they  have  specialized  in  the  technical  work  of  this  department 
during  the  junior  and  senior  years. 

Class  Of  1909 6  graduates. 

Class  of  1910 5  graduates. 

Class  of  1911 14  graduates. 

Class  of  1912 22  graduates. 

Class  of  1913 36  graduates. 

Class  of  1914 42  graduates. 

Class  of  1915 32  graduates. 

Class  of  1916 a?  graduates. 

Class  of  1917.  .• 36  graduates. 

Class  of  1918 .20  graduates. 

Twenty-two  members  left  the  class  of  1918  before  gradu- 
ation to  enter  the  military  service. 

Several  changes  should  be  made  in  the  Horticultural  course.  At  present 
a  student  must  elect  for  specialization  during  his  senior  year  pomology 
or  landscape  gardening.  New  courses  should  be  added  that  will  give  the 
opportunity  to  specialize  during  that  year  in  vegetable  growing  and 
floriculture.  Both  of  these  industries  are  very  large  and  important  in 
the  State  and  there  is  an  increasing  demand  for  opportunity  to  specialize 
along  these  lines. 

The  war  conditions  and  small  attendance  of  junior  and  senior  students 
required  modification  of  some  features  of  the  department  work.  The 
students'  Speaking  and  Fruit  Judging  and  Identification  Contest  was  not 
held.  For  many  years  this  contest  has  been  fostered  by  the  Michigan 
State  Horticultural  Society.  The  Annual  Horticultural  Fruit  and  Flower 
Show  was  hot  held  nor  have  any  of  the  weekly  meetings  of  the  "Hort. 
Club.'' 

Upon  the  return  to  normal  conditions  these  functions  should  again 
take  their  place  in  the  horticultural  instruction  work. 

A  brief  statement  of  the  instruction  work  is  presented  in  the  following 
tables: 

FALL  TERM  1918. 


Class. 

Subject. 

Instructor. 

Number  of 

Stodenta. 

Horticulture  2 

Fruit  Growing 

Required  of  Agr.  BtudentH. 
Pomology 

*(Thi8  subject  was  ommitted  from 
the  coursethisfall) 

Horticulture  4 

Loree  . 

4 

Horticulture  7 

Plant  Breeding  

Not  given  this  term 

Horticulture  10a 

Not  given  this  term 

Horticulture  11a 

Not  given  this  tcnn 

Horticulture  Ka 

Not giventbis term.   . 

Horticulture  14 

EIec(i\e  for  Women 

Gunaon 

14 

*This  work  was  offered  in  the  Spring  and  Summer  Terms  following,  to  allstudentsretumingfrom  government  service. 
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Clm88. 

Subject. 

Instructor. 

Number  of 
Students. 

HortieultureS    

Plant  Proptgation 

Loree 

47 

HortieulUmS 

RequiraTby  Agr.  Students. 
Plant  Evolution 

HalligHP 

16 

HortieultureS 

5 

Horticulture  10b 

Eustace 

E!ustace  and  Lorec 

5 

Horticulture  lib 

5 

Horticulture  12b 

Not  given  . . 

ShortCouraes 

PniitOrowing 

Special  Short  Coune 

PicWord 

9 

FIntYnr 

Halligan 

15 

Second  Year 

Special  Short  Course 

HalHgan 

SPRING  TERM  1919. 


Class. 

Subject. 

Instructor. 

Number  of 
Students. 

Hflrticultuntf 

Landscape  Gardening 

HAlligMl 

16 

Hbrticvltare9 

Eustace 

7 

Horticulture  10c 

Eustace 

7 

Horticultive  He 

Lorec 

7 

Horticulture  12c 

Notgiven 

Horticulture  13e 

Not  given 

Hartioolture2 

Halligan 

9 

SUMMER  TERM   1918. 


Class. 

Subject. 

Instructor. 

Number  of 
Students. 

Horticultures 

Halligan.. 
Halligan.. 

4 

For  Two  Weeks 

General  Agricultural  Horticulture . . 

5 

A  few  years  ago  the  State  Board  of  Agriculture  employed  Messrs. 
Olmstead  Brothers  of  Brookline,  Massachusetts,  Landscape  Architects, 
to  make  a  plan  with  recommendations  for  the  future  development  of 
the  campus,  largely  dealing  with  the  location  for  future  buildings.  The 
gymnasium  is  located  where  this  plan  called  for.  The  recent  destruction 
of  College  Hall  and  Williams  Hall  and  the  legislative  appropriation  for 
a  new  library  and  auditorium  have  made  it  seem  desirable  to  ask  Mr.  Olm- 
stead to  visit  the  campus  and  study  the  situation  first  hand  and  niake 
suggestions  and  recommendations  for  the  location  of  these  new  buildings. 
Mr.  Olmstead  visited  here  on  June  3rd  and  will  make  a  report  in  due 
time.  It  seems  highly  desirable  to  follow  the  suggestions  of  this  firm  as 
they  have  made  a  life-long  study  of  college  campuses  and  many  city 
parks  and  by  reason  of  this  have  very  much  more  extensive  information 
on  the  desirability  of  locating  important  buildings  than  local  authorities. 
They  have  proven  themselves  to  be  farsighted  and  make  plans  for  many 
years  in  advance.  Then,  too,  the  recommendations  are  not  based  upon 
any  local  opinions  which  must  be  tempered  with  personal  preferences  and 
opinions. 
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The  Department  staff  has  been  as  follows: 
Harry  J.  Eustace,  Professor  of  Horticulture. 
Charles  P.  Halligan,  Professor  of  Landscape  Gardening. 
Thomas  Gunson,  Assistant  Professor  of  Horticulture;  Superintendent 

of  Grounds. 
R.  E.  Loree,  Assistant  Professor  of  Horticulture. 

Respectively  subnjitted, 

H.  J.  EUSTACE, 
East  Lansing,  June  30,  1919.  Professor  of  Horticulture. 


REPORT  OF  THE  DEPARTMENT  OF  DAIRY  HUSBANDRY. 

To  the  President  of  the  Michigan  Agricultural  College. 

Sir: — Any  departmental  report  for  the  academic  year,  July  1, 1918  to  June 
30,  1919,  must  of  necessity  take  cognizance  of  the  unusual  conditions  oc- 
casioned by  the  war.  The  story  of  the  year's  activities,  therefore,  is 
the  history  of  retrenchments  and  adaptions  rather  than  the  usual 
narrative  of  increased  student  registration  and  departmental  expansion. 

From  the  beginning  of  the  training  of  the  Motor  Transport  Units  to 
the  end  of  the  Students'  Army  Training  Corps  the  responsibility  for  pro- 
viding a  suitable  milk  supply  for  the  detachments  was  placed  upon  the 
Dairy  Department.  Inasmuch  as  the  demands  were  rather  erratic, 
it  was  necessary  for  the  department  to  secure  suitable  milk  supplies  and 
see  that  these  were  properly  clarified  and  pasteurized  and  delivered  to 
the  mess  halls. 

With  the  opening  of  the  fall  term  about  3,000  pounds  of  milk  were 
supplied  daily  for  the  soldiers  in  training.  This  was  the  approximate 
equivalent  of  two  quarts  per  day  for  each  individual  in  training.  By 
careful  attention  to  the  details  surrounding  the  milk  supply  the  training 
units  were  adequately  protected  from  milk-born  diseases. 

THE  DEPARTMENTAL  STAFF. 

The  department  numbered  ten  men  on  its  teaching  and  investigational 
staflf  at  the  beginning  of  the  war.  This  number  was  reduced  to  four  dur- 
ing the  fall  of  1918  and  some  of  these  were  prepared  to  leave  for  military 
service  at  any  time.  The  securing  of  proper  help  to  care  for  the  dairy 
herd  and  to  conduct  the  necessary  operations  in  dairy  manufacture  and 
dairy  distribution  became  a  very  serious  problem  and  at  times  it  was 
necessary  for  the  instructors  to  lend  a  hand  in  order  to  make  out.  We 
are  pleased  to  report,  however,  that  the  close  of  the  fiscal  year  sees  us 
with  the  following  personnel  in  the  department. 

A.  C.  Anderson,  Professor  of  Dairy  Husbandrv. 

H.  W.  Newhall,  Associate  Professor  of  Dairy  Husbandry. 

J.  E.  Burnett,  Assistant  Professor  of  Dairy  Husbandry. 

F.  T.  Riddell,  Investigator  in  Dairy  Production. 

Stanley  J.  Brownell,  Investigator  in  Market  Milk  Distribution. 

R.  W.  Wyant,  Instructor  in  Dairy  Manufactures. 

INSTRUCTION. 

Beginning  with  the  winter  term  the  regular  courses  in  dairy  manu- 
facture and  the  short  courses  for  dairy  manufacture  students  were  given 
on  the  regular  schedule.  The  numbers  taking  these  courses,  however, 
were  less  than  in  former  years. 
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Every  opportunity  has  been  given  returning  students  throughout  the 
year  by  repeating  courses  for  the  convenience  of  men  who  have  found  it 
necessary  to  take  these  required  courses  in  order  to  complete  their  col- 
legiate work  at  the  desired  time.  While  these  classes  have  been  small, 
we  must  especially  commend  the  excellent  spirit  which  the  students  have 
shown  and  express  our  appreciation  of  the  rather  high  degree  of  accom- 
plishment which  they  have  attained  under  reconstruction  conditions. 

INVESTIGATION. 

During  the  year  further  investigations  of  Mr.  F.  T.  Riddell  in  the 
cost  of  market  milk  production  have  been  completed  in  the  Howell  and 
Webberville  districts  and  similar  work  has  been  taken  up  in  Macomb,  and 
Wayne  and  Monroe  Counties.  The  cost  work  of  Mr.  Riddell  has  been 
of  inestimable  value  in  giving  stability  to  milk  prices  and  in  creating  a 
better  economic  atmosphere  for  the  dairy  farmer. 

In  February,  1919,  Mr.  Stanley  J.  Brownell  was  released  from  military 
service  and  immediately  resumed  work  with  the  department  as  Investi- 
gator in  Market  Milk  Distribution.  He  has  gotten  well  started  on  his 
project. 

DAIRY  EXTENSION. 

Throughout  the  year  Mr.  J.  A.  Waldron  has  continued  to  serve  as 
Extension  Specialist  in  Dairy  Products  and  Mr.  0.  T.  Goodwin  as  Ex- 
tension Specialist  in  Dairy  Manufactures.  Both  have  rendered  very  valu- 
able service.  A  detailed  statement  of  their  activities  will,  of  necessity, 
appear  in  the  report  of  the  Director  of  Extension. 

ADVANCED  REGISTRY  TESTING. 

The  work  of  Advanced  Registry  testing  continued  throughout  the  war 
with  only  a  slight  decrease.  The  work  of  Prof.  Burnett  in  securing  suit- 
able help  in  caring  for  these  tests  was  rendered  doubly  hard  on  account  of 
the  labor  shortage,  but  by  dint  of  extraordinary  effort  all  the  requests  for 
supervisors  were  taken  care  of. 

Requests  for  the  more  unusual  class  of  extension  service  for  the  dairy 
industry  have  been  frequent  during  the  year.  Scarcely  a  week  has  passed 
in  which  the  services  of  the  writer  have  not  been  requisitioned  to  take 
care  of  these  less  routine  conditions.  Among  these  have  been  a  number  of 
conferences  in  different  cities  at  which  information  has  been  given  to 
city  commissioners,  boards  of  commerce,  citizens'  committees,  milk  pro- 
ducers and  distributors,  and  others  relative  to  the  problems  of  market 
milk   production  and  distribution. 

During  the  year  the  writer  has  continued  to  serve  as  a  member  of  the 
Detroit  Milk  Commission. 

In  closing  this  report  we  must  express  our  most  sincere  appreciation 
for  the  degree  of  cooperation  from  the  members  of  the  department  and 
all  others  with  whom  we  are  associated  in  collegiate  work. 

Respectfully  submitted, 

A.  C.  ANDERSON, 
Professor  of  Dairy  Husbandry. 
East  Lansing,  Mich.,  June  30,  1919. 
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REPORT  OF  THE  DEPARTMENT  OF  FARM  CROPS. 

President  F.  S.  Kedzie,  East  Lansing,  Mich. 

Dear  Sir — I  herewith  present  a  brief  report  of  the  work  of  the  Farm 
Crops  Department  during  the  period  beginning  July  1,  1918,  and  ending 
June  30,  1919. 

The  unusual  conditions  prevailing  during  the  past  year  influenced 
the  instructional  work  of  the  Farm  Crops  ^Department  to  a  marked  ex- 
tent. The  opening  of  the  fall  term  came  at  a  time  when  the  war  was  at 
its  heighth.  Our  fall  classes  were  greatly  reduced  in  numbers,  but  the 
signing  of  the  armistice  and  the  early  release  of  men  changed  the  situation 
rapidly. 

In  order  to  provide  sleeping  quarters  for  the  S.  A.  T.  C.  men  quartered 
at  the  College  during  the  fall  term,  the  instructional  equipment  was  re- 
moved from  our  large  laboratories,  numbers  310  and  311,  and  these  rooms 
were  turned  over  to  the  Mihtary  Department. 

Farm  Crops  II  was  not  given  in  the  spring  but  was  given  during  the 
first  term  of  summer  in  order  to  arrange  a  satisfactory  schedule  for  re- 
turning soldiers.  The  appearance  of  several  special  students  who  had 
received  wounds  while  in  service,  and  were  being  educated  at  government 
expense,  necessitated  a  slight  modification  to  accomodate  them  in  our 
spring  courses. 

The  attendance  during  the  summer  school  of  1919  was  much  larger 
than  ever  before,  the  majority  of  the  students  being  returned  soldiers 
who  desire  to  accomplish  their  graduation  requirements  at  the  earliest 
opportunity. 

Under  the  direction  of  Mr.  J.  R.  Duncan  the  crops  materials  for  exhibit 
and  classroom  purposes  was  greatly  increased  in  quantity  and  improved 
in  quality. 

The  following  members  of  the  department  of  the  instructional  staff 
were  absent  on  leave  for  army  service : 

A.  L.  Bibbins,  Corporal,  M.  S.  T.  409,  M.  T.  C.  375,  overseas  service 
June  30,  1918  to  June  30,  1919;  Instructor  in  Farm  Crops. 

E.  E.  Down,  Corporal  (Co.  H.)  58th  Inf.,  overseas  service,  June  30,  1918 
to  June  30,  1919;  Instructor  in  Farm  Crops. 

J.  F.  Cox,  1st  Lieutenant,  Air  Service,  A.  P.  August  25,  1918  to  January 
1,  1919;  Professor  of  Farm  Crops. 

On  the  return  of  Mr.  Bibbins  and  Mr.  Down,  the  department  will  be 
better  able  to  meet  the  increasing  duties  accompanying  the  rapid  return 
of  students. 

A  brief  summary  of  courses,  number  of  students  enrolled,  and  instructors 
in  charge  is  herewith  given. 

Farm  Crops  I,  Cereal  Crops,  Freshman  Course,  Winter  Term,  93  students. 

J.  F.  Cox,  Professor  of  Farm  Crops. 
Farm  Crops  II,  Forage  Crops,  Sophomore  Course,  Spring  Term,  not  offered  until 
summer, 

C.  R.  Megee,  Assistant  Professor  of  Farm  Crops. 
Farm  Crops  III,  Grain  Judging,  Senior  Course,  Fall  Term,  7  students. 

C.  R.  Megee,  Assistant  Professor  of  Farm  Crops, 

Mr.  J.  R.  Duncan. 
Farm  Crops  IV,  Special  Michigan  Crops,  Senior  Course,  Spring  Term,  38  students , 

J.  F.  Cox,  Professor  of  Farm  Crops, 

C.  R.  Megee,  Assistant  Professor  of  Farm  Crops, 

Mr.  J.  R.  Dimcan. 
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Farm  Crops  V,  Crop  Improvement,  Senior  Course,  Winter  Term,  22  students, 

F.  A.  Spragg, 

Graduate  Assistant  Foster  Rudolph. 
Graduate  Assistants^ 
Eight  and  sixteen  weeks  Short  Course  (combined)  81  students, 

C.  R.  Megee,  Assistant  Professor  of  Farm  Crops. 
Summer  Session,  1919. 
Farm  Crops  II,  Forage  Crops  8  students, 

C.  R.  Megee,  Assistant  Professor  of  Farm  Crops. 
Farm  Crops  III,  Grain  Judging,  10  students, 

J.  F.  Cox,  Professor  of  Farm  Crops, 

Mr.  J.  R.  Duncan. 
Crops  and  Soils,  first  half  5  students 

C.  R.  Megee,  Assistant  Professor  of  Farm  Crops. 
Short  Course  for  Ministers,  9  students 

J.  F.  Cox,  Professor  of  Farm  Crops. 

I  take  pleasure  in  reporting  the  hearty  cooperation  on  the  part  of  all 
members  of  the  department. 

Yours,  truly, 

J.   F.   COX, 
Professor  of  Farm  Crops. 
East  Lansing,  June  30,  1919. 


REPORT  OF  THE  DEPARTMENT  OF  SOILS. 

President  F.  S.  Kedzie: 

Again  I  am  able  to  report  progress  in  all  lines  we  have  under  way. 
Although  the  demands  have  been  unusual  and  great  and  the  duties 
arduous,  we  consider  the  ensuing  year  to  have  been  the  most  successful  we 
have  experienced.  It  is  doubtless  true  that  there  never  has  been  greater  in- 
terest manifested  in  better  soil  management  by  the  people  as  a  whole  than 
in  the  recent  past  and  at  present.  As  a  result  of  observations,  cor- 
respondence and  interviews  with  farmers  I  am  forced  to  conclude  that 
there  is  less  known  concerning  the  properties  of  and  the  fundamental 
principles  underlying  good  soil  management  than  any  other  phase  of 
agriculture.  Many  agricultural  workers  in  addition  to  the  farmers  as  a 
whole,  have  taken  it  for  granted  that  this  is  a  relatively  simple  matter  and 
gone  on  the  assumption  that  we  are  dealing  with  an  inert  material  or 
simply  **dirt",  if  you  please.  Now  as  a  matter  of  fact  this  is  far  from  the 
truth  and  we  have  to  deal  with  substances  that  are  most  complex  and  the 
sooner  we  come  to  look  upon  the  soil  as  a  whole,  as  being  made  up  of 
many  individuals  each  having  to  a  greater  or  less  extent  an  individuality 
of  its  own,  and  recognize  the  tremendous  importance  of  permanent  sys- 
tems of  soil  fertility  to  this  commonwealth  and  the  nation,  the  less  short 
sighted  we  shall  be. 

I  look  upon  the  state  as  a  huge  school.  There  are  many  who  could  well 
be  considered,  so  far  as  their  knowledge  of  the  subject  is  concerned,  to  be 
in  the  lower  grades,  while  others  are  more  advanced.  It  will  always 
be  thus.  This  means  that  the  work  will  never  be  completed  and  thf 
possibilities  for  constructive  work  unlimited.    The  university  professor  o 
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others  who  minimize  agricultural  education  by  writing  and  speaking  to 
the  effect  that  we  know  how  to  farm  is  ignorant  of  the  broad  relation- 
ships that  exist.  In  view  of  these  conditions  it  is  doubtless  true  that 
the  extension  activities  along  soils  lines  should  be  carefully,  but  greatly 
increased. 

In  order  to  provide  constantly  information  to  be  extended  it  is  essential 
that  the  experimental  and  research  work  be  supported  both  morally  and 
financially.  In  this  connection  I  desire  to  call  your  attention  to  that  which 
has  been  accomplished  by  the  staff  with  a  relatively  small  amount  of  funds 
at  its  disposal. 

The  educational  phases  at  the  College  have  been  improved.  Much  re- 
mains to  be  accomplished  and  it  is  proposed  to  revamp  certain  of  the 
courses  that  are  offered. 

We,  as  members  of  the  Soils  Section,  express  our  gratitude  to  you  for 
the  interest  taken  in  our  work. 

Respectfully  submitted, 

M.  M.  McCOOL. 

Professor  of  Soils. 
East  Lansing,  June  30,  1919. 

Lawrence  Clifford  Wheeling. 

Drafted  at  Mason,  Mich.,  Nov.  21,  1917  and  assigned  to  Co.  C,  338th 
Inf.,  85th  Div.,  Camp  Custer,  Michigan.  Entered  3rd  0.  T.  S.  January  5, 
1918;  completed  April  19,  1918  and  returned  to  Co.  C,  338th  Inf.  as  Ser- 
geant.  Transferred  to  Inf.  Repl.  Camp,  Camp  Lee,  Va.,  May  27,  1919. 
Commissioned  2nd  Lieut,  of  Inf.  June  1,  1918.  Transferred  to  160  Depot 
Brigade,  Camp  Custer,  July  16,  1918  and  attached  to  Co.  C,  1st  Dev.  Bn. 
Transferred  to  32nd  Co.  8th  Bn.  August  6,  1918.  Transferred  to  10th  Inf. 
14th  Div.,  August  22,  1918  and  assigned  to  Co.  H,  2nd  Bn.  Discharged 
January  29,  1919,  as  Second  Lieutenant,  10th  Inf. 

George  John  Bouyoucos. 

Red  Cross  Agricultural  Commission — Balkan  States — October  1918, 
October  1919. 

REPORT  OF  THE  DEPARTMENT  OF  ANIMAL  HUSBANDRY. 

President  F.  S.  Kedzie,  East  Lansing,  Mich. 

Dear  Sir — I  have  the  honor  to  submit  the  following  report  of  the 
Department  of  Animal  Husbandry  for  the  year  ending  June  30,  1919. 

The  instruction  work  during  the  past  year  has  been  conducted  as  out- 
lined in  the  College  catalog.  The  work  of  the  staff  and  the  enrollment 
in  various  courses  is  summarized  in  the  accompanying  table. 

It  is  a  pleasure  to  report  continued  progress  in  the  improvement  of  the 
herds  and  flocks.  The  Hereford  herd  of  fourteen  females  are  all  de- 
scendants of  one  cow  purchased  in  1910  at  a  cost  of  $150.  There  are,  at 
the  present  time,  eight  daughters  and  six  grand-daughters  of  this  cow 
in  the  herd,  all  of  them  showing  a  remarkable  uniformity  of  type.  The 
Aberdeen  Angus  herd  consists  of  eight  females,  most  of  them  descend- 
ants of  one  cow  purchased  in  1910  at  a  cost  of  $150.  During  the  past 
year  a  Hereford  sire  was  purchased  from  J.  E.  Thompson  of  Martins- 
ville, 111.,  and  a  Shorthorn  sire  from  J.  F.  Prather  of  Williamsville,   El. 
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While  we  have  excellent  foundation  herd  of  Shorthorns,  Herefords  and 
Aberdeen  Angus,  the  limited  area  of  land  available  for  the  Uvestoek 
equipment  renders  it  difficult  to  retain  many  of  the  younger  animals  and 
increase  the  herds  as  much  as  would  seem  desirable.  The  scarcity  of 
pasture  the  last  two  years  has  made  the  maintainance  of  the  herds  and 
flocks  a  difficult  problem  and  I  would  earnestly  recommend  that  the 
College  obtain  more  land  as  soon  as  conditions  will  permit. 


Tenn. 


Teacher. 

Hours  per 
week. 

W.E.J.Edward8 

W.E.J.Edwarda.... 
G.A.Brown 

10 
10 
10 

W..E  J.  Edwards.... 
W.E.J.Edward8.... 
G.A.Brown 

6 
6 
8 

G.A.Brown 

G.A.Brown 

5 

8 

W.E.J.EdwardB.... 
W.KJ.Edwarda.... 
W.E.J.Edwarda.... 
R.L.Mackie 

5 
10 
8 
6 

G.A.Brown 

8 

Students, 
enrolled. 


Summer  School. 
Summer  School. 
Sunmier  School. . 


FallTerm. 
Fail  Term. 
FallTerm., 


Winter  Term.. 
Winter  Tenn.. 

Short  Courses. 
Short  Courses, 
^urt  Courses. 
Short  Courses. 


Animal  Husbandry  1 . . 
Animal  Husbandry  2 . 
Animal  Husbandly  4 . 

Animal  Husbandry  1 . 
Animal  Husbando^  2. 
Animal  Husbandry  5 . . 

Animal  Husbandry  4. . 
Animal  Husbandry  6. . 


Animal  Feeding. . . . 
Types  of  Livestock . . 
^eeds  of  Livestock . 
Judging  Livestock . . 


SpringTerm Animal  Husbandry  7. 


7 
5 
6 

33 
29 

7 

42 
35 

70 
68 
23 
9 

29 


Both  Mr.  Edwards  as  instructor  and  Mr.  Mackie  in  charge  of  livestock 
have  rendered  loyal  and  efficient  service.  The  teaching  work  for  the 
past  year  has  been  more  than  three  men  should  be  required  to  handle 
and  with  a  return  to  a  normal  enrollment  next  year  more  help  will  be 
needed. 

Respectfully  yours, 
GEORGE  A.  BROWN, 
Professor  of  Animal  Husbandry. 
East  Lansing,  June  30,  1919. 


REPORT  OF  THE  DEPARTMENT  OF  POULTRY  HUSBANDRY. 

President  F.  S.  Kedzie,  College. 

Dear  President  Kedzie — I  have  the  honor  to  submit  the  following  report 
of  the  Department  of  Poultry  Husbandry  for  the  year  ending  June  30, 
1919. 

BUILDINGS. 

We  are  occupjdng  eighteen  buildings,  one  house  18  feet  by  184  feet, 
one  house  16  feet  by  84  feet.  Three  houses  each  16  feet  by  24  feet,  three 
colony  houses  6  feet  by  8  feet,  seven  portable  colony  houses  10  feet  by  12 
feet,  one  open  front  house  20  feet  by  20  feet,  1  open  front  house  14  feet  by 
28  feet  and  one  house  10  feet  by  14  feet. 

No  construction  work  has  been  done  upon  the  poultry  plant  during  the 
year,  owing  to  war  conditions. 
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EQUIPMENT. 


The  department  has  operated  seventeen  incubators.  One  2400  egg 
size,  hot  water  heat.  Two  200  egg  size,  three  150  egg  size  and  eleven  70 
egg  size.  Total  incubator  capacity  3,  020  eggs.  Students  have  received  in- 
struction in  handUng  both  methods  of  heating  incubators — hot  air  and 
water. 

Brooding  capacity  has  been  enlarged  to  6,000  chicks.  The  colony 
stove  plan  of  brooding  has  been  employed  and  instructions  in  handling 
same  have  been  given. 

Breeds  of  fowls  for  demon tsration  purposes  are  kept  as  follows:  Plymouth 
Rocks,  all  varieties,  viz.,  Barred,  White,  BuflF,  Silver,  Penciled,  Partridge, 
and  Columbian. 

Wyandottes — Four  varieties,  viz.,  White,  Buff,  Columbian,  and  Silver. 
Domniques,  Langshans,  Single  Comb  Black  Minorcas,  Buff  Orpingtons, 
Dark  Cornish,  Speckled  Sussex,  W.  C.  Black  Polish,  S.  S.  Hamburgs, 
Houdans,  Silver  Campines,  Sultans,  Black  Cochins  and  Partridge  Cochins, 
Rhode  Island  Reds,  both  varieties,  viz..  Single  Comb  and  Rose  Comb. 
Leghorns,  five  varieties,  S.  C.  Brown,  Rose  Comb  Brown,  S.  C.  White, 
S.  C.  Buff  and  Silver. 

Ducks,  four  varieties,  viz.,  Pekin,  Muscovy,  Rouen  and  Call. 

Geese,  five  varieties,  viz.,  Toulose,  Emden,  White  Chinese  and  Brown 
Chinese. 

About  1,100  head  of  stock  were  wintered  on  the  plant.  Nearly  2,400 
head  of  young  stock  are  being  reared  this  summer. 

Owing  to  war  conditions  no  classes  were  formed  in  poultry  last  fall. 
A  summer  term  with  an  enrollment  of  12  was  taught.  A  short  course 
with  an  enrollment  of  15  was  given  during  the  winter. 

Investigational  and  experimental  work  is  being  carried  forward  and 
standardizing  of  poultry  pedigreeing  has  been  begun. 

As  suggested  by  a  letter  from  you  on  June  17th,  I  am  submitting  the 
military  record  of  Mr.  Dickson  from  our  department. 

Matthew  Ellis  Dickson  entered  the  service  on  July  27,  1918  at  Camp 
Custer.  On  September  1,  1918  he  was  transferred  to  Camp  Zachary  Taylor 
LouisVille,  Ky.,  to  the  Field  Artillery  Officers  Training  School,  from  which 
he  received  his  commission  as  Second  Lieutenant  in  the  Field  Artillery 
U.  S.  A.  on  December  18,  1918.  He  was  discharged  on  the  same  day 
but  remains  in  the  Reserves  until  December  18,  1923. 

The  Poultry  Department  carried  forward  a  series  of  poultry  schools 
each  covering  a  period  of  from  three  to  six  days.  Work  was  done  in  con- 
junction with  the  Farm  Bureau  and  poultry  organizations  in  a  number  of 
counties.  The  work  had  in  mind  three  things.  First,  to  widen  the  scope 
of  poultry  work.  Second,  to  demonstrate  the  power  to  so  cull  the  flock 
that  it  can  be  made  to  pay  a  profit  upon  the  average  farm.  Third,  to 
demonstrate  that  the  fowls  of  the  future  will  be  more  uniform  in  shape 
and  color  and  possess  a  larger  egg  record  and  a  better  quality  of  meat 
producing  power  than  in  the  past. 

Free  admission  to  these  schools  was  given  in  all  cases  except  in  three 
of  the  larger  cities,  namely:  Detroit,^  Battle  Creek  and  Grand  Rapids. 
These  schools  were  met  with  marked  interest.  Three  sessions  were  held 
each  day  from  10  to  12,  from  3  to  5  and  8  to  10:30  p.  m. 
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The  Federal  government  cooperated  with  the  department  in  furnishing 
moving  picturesi which  were  shown  every  night  during  the  school.  School 
children  were  admitted  on  special  nights. 

Schools  were  held  in  Marlette,  Holland,  Flint,  Battle  Creek,  Chicago, 
Grand  Rapids,  Muskegon,  Detroit,  East  Lansing,  Chelsea,  Dublin  and 
Hartford  with  an  enrollment  of  10,200  based  directly  upon  an  aggregate 
attendance  and  included  in  the  majority  of  cases  students  that  attended 
every  session.  People  who  attended  the  sessions  and  who  did  not  enroll 
as  students  the  numbers  of  which  were  conservative  estimates  taken 
from  reception  committees  reports  showed  an  attendance  of  36,300. 

The  above  work  was  considered  by  the  Department  of  Poultry  Hus- 
bandry as  a  part  of  the  war  work  of  activities  of  the  department. 

Respectfully  submitted, 

C.  H.  BURGESS, 
Professor  of  Poultry  Husbandry. 
East  Lansing,  Mich.,  June  30,  1919. 

REPORT  OF  THE  DEPARTMENT  OF  FARM  MECHANICS. 

President  F.  S.  Kedzie,  College. 

Dear  Sir — I  have  the  honor  to  submit  the  report  of  the  Department  of 
Farm  Mechanics  for  the  year  1918-1919. 

WAR  WORK. 

Attention  for  the  greater  part  of  the  year  1918  was  focused  on  the  prep- 
aration of  soldiers  in  the  United  States  Army  Truck  and  Tractor  School 
for  a  part  in  the  conflict.  The  tractor  and  gas  engine  work,  for  which 
this  department  assumed  responsibiUty,  was  carried  on  in  addition  to 
the  regular  correspondence  and  assistance  which  was  given  directly  to  the 
farmer. 

In  the  matter  of  the  loan  of  equipment  for  carrying  on  this  work,  we 
are  indebted  to  the  generous  cooperation  of  the  manufacturers  of  gas 
engines  and  tractors  whose  assistance  enabled  us  to  present  this  work  in 
a  credible  way.  The  eagerness  of  the  soldiers  to  learn  and  the  willingness  of 
the  instructors  to  give  made  this  work  a  real  satisfaction. 

Through  this  school,  the  department  has  left  for  use  three  farm  tractors, 
one  of  which  was  given  for  this  purpose. 

I  wish  to  express  appreciation  of  the  cooperation  which  I  have  had  from 
those  associated  in  this  work,  both  in  the  Army  School  and  in  the  regular 
work. 

As  a  part  of  the  Army  School  work,  I  gave  the  lectures  on  tractors  and 
gas  engines.  Mr.  O.  E.  Robey  dropped  the  Extension  work  in  Household 
Engineering  at  the  beginning  of  the  war  and  took  up  Drainage  Extension 
work  in  its  place.  It  was  felt  that  Drainage  would  be  of  more  immediate 
importance  in  producing  food  than  the  work  in  buildings,  conveniences, 
and  sewage  disposal. 

Wilson  Duncon,  Instructor  in  Blacksmithing,  had  charge  of  the  shop 
work  in  the  Army  Horseshoeing  School. 

Samuel  Toms,  whose  resignation  was  accepted  for  May  1,  1919,  assisted 
in  the  Army  School  work  as  tool-keeper  and  caretaker  of  the  laboratory. 

The  School  of  Horseshoeing,  which  was  given  in  cooperation  with  the 
Veterinary  Division  and  through  the  cooperation  of  the  State  Constabulary 
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in  furnishing  horses,  was  also  an  important  part  of  our  instructional  war 
work,  though  but  one  term  of  eight  weeks  work  was  presented  to  twenty- 
five  men.  Some  interesting  facts  were  brought  out  in  this  course,  showing 
the  value  of  intense  application  to  one  line  of  work.  While  it  could  not  be 
claimed  that  expert  shoers  were  developed,  it  was  proven  that  a 
good  working  knowledge  and  some  skill  in  this  work  could  be  acquired  in 
this  time. 

The  necessity  for  increased  use  of  machinery  from  lack  of  labor  during 
the  war,  and  the  interest  in  developments  and  construction  since  its 
close  has  had  a  marked  effect  upon  correspondence  and  in  requests  for 
advice  along  farm  mechanics  lines.  It  is  my  hope  that  this  work  can  be 
amplified,  especially  on  the  side  of  preparation  and  investigation  to  meet 
the  growth  of  interest  manifested  in  the  State. 

INSTRUCTION. 

Beginning  in  January  1919,  instruction  was  given  in  Power  Machinery 
to  twenty-eight  regular  students  and  to  thirty-nine  Short  Course  men. 

Wood  and  Forge  work  were  each  given  to  about  seventy-five  Short 
Course   men. 

In  addition,  two  one  months  courses  in  Trucks  and  Tractors  were 
given  to  a  total  of  one  hundred  and  seventy-five  men.  For  the  work  in 
trucks,  shop  work,  ignition  and  truck  engines,  we  are  indebted  to  the 
Engineering  Division  for  their  cooperation.  The  cooperation  of  manu- 
facturers and  distributors  gave  us  the  use  of  a  dozen  different  tractors 
for  study  and  practice. 

In  the  spring  term,  the  course  in  Farm  Machinery  was  presented  to 
eighteen  men  and  the  course  in  Farm  Drainage  to  nine. 

INVESTIGATION. 

Little  opportunity  has  been  afforded  either  in  time  or  funds,  for  in- 
vestigational work  for  the  past  year.  A  brief  inspection  of  twenty-five 
septic  tanks  was  made  in  January  and  February  to  determine  their  con- 
dition in  mid-winter.  This  summer,  records  are  being  kept  of  tractors 
on  the  College  farm. 

Drainage,  which  is  being  done  under  the  extension  specialist  affords, 
an  excellent  opportunity  for  further  study. 

EXTENSION. 

The  work  of  the  past  year  of  Mr.  O.  E.  Robey,  who  has  devoted  his 
time  largely  to  Drainage,  is  commendable.  This  work  taken  up  as  a  war 
measure  has  opened  up  a  field  for  which  a  real  and  pressing  need  is  felt.  A 
large  number  of  farms  have  been  inspected  and  advice  and  cooperation 
given. 

Under  the  plan  being  tried  this  season,  a  traction  ditcher  has  been 
engaged  to  drain  demonstration  plots  in  St.  Clair  county.  A  successful 
completion  of  the  work  planned  for  the  season  will  place  a  twenty  acre 
field  or  larger  under  the  observation  of  nearly  every  farmer  in  the  county. 
Great  interest  is  exhibited  and  groups  have  been  organized  to  buy  ditchers 
and  tile;  Several  hundreds  of  dollars  have  been  saved  the  farmer  in  the 
purchase  of  tile  at  dealers  prices,  which  plan  has  been  in  operation  but 
a  short  time. 

Respectfully  submitted, 
H.  H.  MUSSELMAN, 
East  Lansing,  June  30,  1919.  Professor  of  Farm  Mechanic 
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REPORT  OF  THE  DEPARTMENT  OF  FORESTRY. 

The  President,  Michigan  Agricultural  College. 

Sir — I  have  the  honor  to  submit  the  following  report  for  the  Depart- 
ment of  Forestry  for  the  year  ending  June  30,  1919. 

The  work  of  instruction,  while  following  the  sources  described  in  the 
catalog  as  closely  as  possible,  was  light  in  the  fall  term  owing  to  the  fact 
that  there  were  few  regular  students.  Conditions  being  more  normal  in  the 
winter  term  it  became  necessary  to  give  certain  fall  term  courses  which 
were  pre-requisite  to  the  winter  term  work  and  for  this  reason  some 
courses  were  given  twice  during  the  year.  The  teaching  work  for  the  year 
was  as  follows: 

Number   of  Number   of 

Classes  Students 

A.  K.  Chittenden 9  128 

F.  H.Sanford 8  36 

During  the  fall  term  Professor  Sanford  assisted  in  gymnasium  work. 
The  courses  in  Forest  Policy  and  Forest  Products  have  been  changed  so 
as  to  have  as  great  a  bearing  on  reconstruction  problems  as  possible  and 
certain  other  courses  were  slightly  modified  during  the  year  for  the  same 
reason. 

The  war  apparently  stimulated  interest  in  forest  planting,  the  demand 
for  small  trees  this  spring  being  unusually  large.  The  department  has 
endeavored  to  secure  the  reforestation  of  areas  of  valuable  timber  that 
were  cut  for  war-time  purposes  and  has  particularly  urged  the  planting  of 
black  walnut  in  the  southern  part  of  the  state  as  this  timber  was  heavily 
drawn  on  for  gunstocks  and  airplane  construction.  Planting  stock 
amounting  to  178,000  trees  was  shipped  from  the  forest  nursery  during 
the  year.  The  nursery  is  in  excellent  condition,  last  year's  seed  beds 
being  particularly  good.  The  Christmas  tree  plantation  which  was  es- 
tablished several  years  ago  was  completely  cut  over  this  year.  Thin- 
nings had  been  made  in  it  for  the  last  three  years  and  it  proved  remark- 
ably successful.  A  new  plantation  was  set  out  this  spring.  Some  under- 
planting  was  also  done  in  the  older  plantations  in  the  nursery.  These 
plantations  are  becoming  very  valuable  for  instructional  as  well  as  ex- 
perimental work. 

The  sugar  bush  in  the  river  woodlot  was  operated  as  usual,  the  demand 
for  syrup  being  again  heavy.  A  gasoline  drag  saw  was  obtained  for 
use  in  cutting  cordwood  and  has  resulted  in  a  saving  of  labor. 

The  experimental  work  in  the  sugar  bush  was  continued.  This  work 
involves  a  study  of  sap  flow  and  will  of  necessity  cover  several  years,  but 
data  so  far  collected  shows  more  uniformity  than  had  been  expected.  It 
is  the  intention  to  publish  the  results  from  year  to  year  as  they  become 
available. 

The  sand  dune  fixation  work  was  also  continued.  A  large  number  of 
trees  were  planted  on  demonstration  areas  near  Muskegon  and  Holland. 
The  interest  taken  in  this  work  by  the  community  was  shown  by  the  num- 
ber of  farmers  who  came  out  to  assist  in  the  planting.  The  department  is 
keeping  in  close  touch  with  demonstration  areas  already  established  and 
is  studying  the  growth  and  behavior  of  the  trees  under  these  trying  con- 
ditions. 

Experimental  work  was  also  done  on  the  rooting  of  cedar  cuttings. 
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The  Department  of  Horticulture  loaned  us  the  use  of  one  of  their  green- 
houses for  the  purpose  and  the  cuttings  were  furnished  by  a  nursery 
company. 

A  growth  study  of  forest  plantations  was  begun,  including  costs  and 
returns.    It  is  contemplated  to  extend  this  work  to  nut  tree  plantations. 

During  the  fall  term  the  extension  work  was  carried  on  by  the  depart- 
ment staff.  Mr.  E.  C.  Mandenberg,  Extension  Specialist  in  Forestry,  re- 
turned to  the  College  on  January  1.  The  second  annual  meeting  of  the 
Michigan  Maple  Syrup  Makers'  Association  was  held  at  the  College  dur- 
ing Farmers'  Week  and  was  well  attended.  The  department  has  through 
the  courtesy  of  the  Barrett  Company,  obtained  the  use  of  a  portable 
plant  for  the  preservative  treatment  of  fence  posts  which  will  be  loaned 
to  farmers  without  charge  other  than  transportation. 

With  regard  to  work  contributory  to  the  war  activities  program  I 
would  say  that  I  served  as  a  member  of  the  War  Committee  of  the  Society 
of  American  Foresters,  as  Listing  Officer  for  the  20th  Engineers  (Forest), 
and  as  Chairman  of  the  Wood  Fuel  Committee  under  the  State  Fuel 
Administration.  Professor  Sanford  also  served  as  a  member  of  the  latter 
committee.  The  department  collected  a  large  amount  of  data  on  the 
forest  resources  of  the  State,  which  data  was  made  available  for  the  War 
Department.  Many  of  the  graduates  of  the  department  who  were  un- 
qualified for  active  military  service  were  appointed  timber  or  dry  kiln 
inspectors  in  the  Aircraft  Production  Division  of  the  War  Department 
and  rendered  efficient  service. 

The  chief  needs  of  the  department  are  an  experimental  dry  kiln  for  in- 
structional work  and  more  space  for  the  wood  technology  laboratory.  At 
the  present  time  some  of  our  equipment  has  to  be  stored  in  the  attic  for 
lack  of  space  in  the  laboratory. 

Respectfully  submitted, 

A.  K.  CHITTENDEN, 
Professor  of  Forestry. 
East  Lansing,  Mich.,  June  30,  1919. 

REPORT  OF  THE  DEPARTMENT  OF  AGRICULTURAL 

EDUCATION. 

To  the  President  and  Members  of  the  State  Board  of  Agriculture: 

I  have  the  honor  to  submit  the  following  as  an  annual  report  of  my 
department  for  the  current  year. 

(a)  Courses  in  Education  for  women.  During  the  fall  term  we  enrolled 
seventy  women  in  Education.  During  the  winter  seventy-seven  and  dur- 
ing the  spring  term  sixty-three.  These  classes  were  made  up  of  juniors 
and  seniors.  The  work  was  arranged  in  two  sections.  At  the  close  of  the 
college  year  fifty-eight  seniors  had  completed  the  work  in  Education  and 
were  recommended  by  the  faculty  to  the  State  Board  of  Education  for 
teachers'  licenses,  granted  under  the  general  law.  Of  this  number  fifty- 
one  had  taken  the  special  work  in  Education  in  the  ^home  economics  de- 
partment, together  with  practice  teaching,  and  were  entitled  to  a  special 
home  economics  certificate,  which  would  authorize  them  to  teach  the  sub- 
ject in  Smith-Hughes  schools.  These  certificates  have  been  granted  by  the 
Superintendent  of  Public  Instruction. 

(b)  Education  for  men.     During  the  fall  term  on  account  of  war  con- 
ditions, there  w?r§  np  senior  students  in  the  subject  of  Education.     Dur- 
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ing  the  winter  telrm  we  enrolled  forty-two  and  during  the  spring  term,  by 
permission  of  the  faculty,  we  gave  two  courses  in  education  for  men. 
Education  4  to  twenty-six  seniors  and  Educations  to  thirty-eight  juniors 
and  seniors.  This  was  a  special  arrangement  in  order  to  enable  men 
who  had  been  in  military  service  to  complete  their  courses  and  be 
graduated.  Of  the  seniors,  twenty  completed  the  work  in  Education, 
together  with  the  four  year  college  course  and  were  entitled  to  a  state 
teachers  license  and  on  recommendation  of  the  faculty  these  certificates 
had  been  granted  by  the  State  Board  of  Education. 

(c)  The  Practice  School.  Last  year  arrangement  was  made  between 
the  State  Board  of  Agriculture  and  the  Board  of  Education  of  East  Lan- 
sing for  the  establishment  of  teacher  training  courses  in  agriculture  and 
in  home  economics  in  the  East  Lansing  High  School.  The  subjects 
offered  were  elective  to  high  school  students  and  for  the  agriculture 
about  thirty  students  selected  the  work,  thus  affording  four  good  classes 
for  practice  teaching.  About  forty-five  young  women  elected  the  course 
in  home  economics,  giving  good  strong  classes  for  the  practice  teach- 
ing in  that  subject. 

On  account  of  war  conditions  we  had  no  men  for  practice  teaching 
during  the  fall  term  and  the  early  part  of  the  winter  term.  By  that  time, 
however,  we  had  enough  returned  soldiers  to  organize  the  class  in  practice 
teaching. 

In  the  matter  of  critic  teacher,  Mr.  Grover  had  conducted  the  regular 
courses  for  the  high  school  students.  Miss  Frazer  organized  the  practice 
teaching  immediately  upoti  the  opening  of  the  school  year  and  during  the 
year  has  given  special  training  to  fifty-one  young  women  of  our  senior 
class.  All  of  this  work  was  conducted  under  the  general  supervision  of 
the  State  Board  of  Control  for  Vocational  Education  in  accordance  with 
Federal  and  State  laws,  for  the  purpose  of  training  young  men  and  women 
for  vocational  teaching.  We  have  prepared  many  more  in  both  agriculture 
and  home  economics  than  will  be  needed  at  present  but  many  of  these 
will  be  utilized  in  other  states. 

(d)  During  the  year  courses  in  agriculture  have  been  taught  under  the 
provision  of  the  Smith-Hughes  Law  in  forty-six  high  schools  of  the  State. 
In  all  but  three  the  graduates. of  this  collage  are  in  charge  of  the  work. 
Ten  new  schools  have  already  made  application  to  the  State  Board  of 
Control  for  the  establishment  of  the  agricultural  course,  beginning  in 
September. 

There  are  ten  schools  in  the  State  where  home  economics  is  taught 
under  the  provision  of  the  Smith-Hughes  Law.  In  five  of  these  the  in- 
structors are  graduates  of  this  institution. 

(e)  The  Critic  Teacher.  The  direction  of  practice  teaching  in  agricul- 
ture is  in  charge  of  Mr.  E.  Lynn  Grover  and  his  work  has  been  entirely 
satisfactory  to  the  public  school  officials  so  far  as  the  management  of  the 
children  is  concerned  and  entirely  satisfactory  to  the  college  authorities. 
I  consider  him  one  >f  the  most  proficient  directors  of  agricultural  educa- 
tion in  the  middle  west;  in  fact,  I  question  whether  he  has  a  superior  in 
any  of  the  states. 

Miss  EHzabeth  Frazer,  the  critic  teacher  in  home  economics,  has  made 
an  enviable  reputation  for  herself  through  her  proficient  work  in  direct- 
ing the  practice  teaching  of  the  young  women.  Our  senior  students  with- 
out exception,  were  pleased  and  satisfied  with  their  training  under  her 
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direction.  The  College  is  to  be  coiigratulated  on  having  been  able  to 
secure  from  its  own  graduates  two  such  eminently  well  prepared  people 
for  this  new  but  important  field  of  college  service. 

(f)  Teacher  Training.  By  action  of  your  honorable  body  I  was  made 
director  of  teacher  training  for  both  men  and  women  after  the  passage 
of  the  Federal  law,  providing  grants  of  money  to  educational  institutions 
in  which  vocational  teacher  training  was  given.  As  director  of  teacher 
training  it  has  been  my  duty  to  supervise  the  work  of  teacher  training  in 
agriculture  and  home  economics  in  order  that  I  might  wisely  guide  young 
men  and  women  students  who  were  prepared  to  teach.  It  has  also  been 
my  duty  to  give  to  them  technical  courses  in  education  which  I  have  done 
to  the  best  of  my  ability.  By  request  of  the  State  Board  for  Vocational 
Education  I  was  permitted  to  give  a  portion  of  my  time  for  the  benefit 
of  that  Board  in  directing  and  developing  vocational  education  in  the 
State.  During  the  past  year  I  have  given  approximately  one-fourth  of 
my  time  to  this  work.  In  that  capacity  it  has  been  my  duty  to  organize 
the  vocational  courses  to  be  given  in  the  public  schools  and  for  this  I 
prepared  a  plan  for  vocational  education  in  Michigan,  which  was  approved 
by  the  State  Board  of  Control  and  by  the  Federal  Board. 

I  have  also  prepared  a  number  of  bulletins,  giving  explicit  instruction 
concerning  the  development  of  the  different  types  of  vocational  education. 

I  have  also  acted  as  advisor  to  the  state  supervisors  of  the  several 
types  of  vocational  education.  While  serving  in  this  dual  capacity  of 
acting  director  of  vocational  education  for  the  State  and  as  director  of 
teacher  training  for  the  College,  I  have  endeavored  to  promote  the  best 
types  of  education  in  both  lines. 

Respectfully  submitted, 
WALTER  H.  FRENCH, 
Professor  of  Agricultural  Education. 
East  Lansing,  June  30,  1919. 

REPORT   OF   THE   DEAN   OF   ENGINEERING. 

Dr.  F.  S.  Kedzie,  President,  Michigan  Agricultural  College. 

My  dear  Mr.  President — I  have  the  honor  to  present  my  twelfth  annual 
report  as  Dean  of  Engineering  for  the  fiscal  year  ending  June  30,  1919. 

A.     Personnel  of  the  Division  of  Engineering. 

1.  G.  W.  Bissell,  M.  E.    Dean  of  Engineering. 

Miss  McCann,  Clerk. 

2.  Civil  Engineering. 

H.  K.  Vedder,  C.  E.    Professor. 

C.  A.  Melick,  D.  C.  E.    Associate  Professor. 

R.  G.  Saxton,  C.  E.    Assistant  Professor. 

C.  M.  Cade,  B.  S.,  C.  E.    Assistant  Professor. 

W.  W.  Hitchcock,  B.  S.,  C.  E.    Instructor. 

B.  K.  Philp,  C.  E.    Instructor. 

Miss  Colvin,  Clerk. 
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3.  Drawing  and  Design, 

R.  K.  Steward,  B.  S.,  C.  E.    Professor. 

C.  Newman,  Associate  Professor. 

L.  N.  Field,  B.  M.  E.    Associate  Professor. 

J.  W.  Steward,  B.  M.  E.    Assistant  Professor. 

A.  Gt  Scheele,  A.  M.    Assistant  Professor. 

Miss  C.  L.  Holt,  Instructor. 

E.  H.  Stewart,  B.  S.  in  M.  E.    Instructor. 

Miss  E.  Butler,  Instructor. 

J.  Rising,  M.  E.    Instructor. 

Miss  Matthews,  Clerk. 

4.  Electrical  Engineering, 

A.  R.  Sawyer,  B.  S.,  E.  E.    Professor. 
M.  M.  Cory,  E.  E.    Associate  Professor. 
P.  G.  Andres,  B.  S.    Assistant  Professor. 
Miss  Colvin,  Clerk. 

5.  Mechanical    Engineering, 

(a)  J.  A.  Poison,  M.  E.    Professor. 

(b)  H.  B.  Dirks,  B.  S.,  M.  E.    Professor. 

W.  E.  Reuling,  B.  S.  in  M.  E.    Assistant  Professor. 
A.  P.  Krentel,  Instructor. 
J.  A.  Eicher,  Instructor. 
G.  C.  Wright,  B.  S.,  in  M.  E.    Instructor. 
W.  G.  HildoTf,  B.  S.    Instructor. 
G.  J.  Posthumus,  Instructor. 
R.  G.  Bigelow,  B.  S.    Instructor. 
A.  Watt,  Instructor. 
E.  C.  Crawford,  Assistant. 
C.  N.  Rix,  Assistant. 
Miss  Houston,  Clerk. 
The  above  named,  35  persons,  were  in  active  service  during  the  entire 
year  with  the  following  exceptions: 

J.  A.  Poison,  resigned,  effective  April  1. 
H.  B.  Dirks,  appointed,  effecti\e  May  1. 
J.  Rising,  appointed,  effective  Jan.  1. 
Of  the  entire  staff,  26  persons  had  offices  in  the  R.  E.  Olds  Hall,  which 
furnished  office  space  also  for  the  Department  of  Mathematics,  7  persons, 
making  a  total  number  of  33  persons  stationed  in  this  building. 

During  the  year,  Messrs.  Iddles  and  Messenger,  absent  on  leave  in 
army  service,  have  resigned  their  positions  with  the  College.  Mr.  Chapin, 
absent  on  leave  and  recently  discharged  from  army  service,  has  expressed 
a  wish  to  return  and  will  do  so.  Mr.  Ward,  absent  on  leave  in  army  service 
has  not  yet  been  discharged. 

Mr.  Bigelow  has  decided  not  to  continue  his  connection  with  the 
College. 

In  the  resignation  of  Mr.  Poison,  the  College  has  lost  a  very  valuable 
and  estimable  man.  Appointed  as  instructor  in  1906,  he  won  his  way 
to  the  headship  of  his  department  in  1917.  As  administrator,  teacher  and 
engineer  he  was  a  credit  to  himself  and  to  the  Division. 
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Mr.  Poison  is  now  mechanical  engineer  for  the  Milwaukee  Stamping 
Company,  at  a  salary  and  with  prospects  beyond  those  which  existed  for 
him  here  or  anywhere  else  in  teaching  work. 

Several  candidates  for  his  position  were  considered,  (Corresponded  with 
and  interviewed  and  from  them  Mr.  H.  B.  Dirks  of  Princeton  University 
was  appointed.  Mr.  Dirks  is  a  graduate  of  the  University  of  Illinois,  in 
which  institution  and  at  Princeton  he  acquired  several  years  of  teaching 
and  investigational  experience.  In  addition  to  hip  work  as  a  teacher,  Mr. 
Dirks  has  had  five  years  experience  in  practical  manufacturing  work.  I 
believe  him  to  be  very  well  qualified  for  his  position  here. 

B.  Salaries. 

Departmental  reports  submitted  to  you  have  recommended  much  needed 
increases  in  salaries,  and  I  am  pleased  to  feel  that  it  is  the  intention  of 
yourself  and  the  Board  to  grant  the  advances  asked  so  far  as  the  resources 
of  the  College  will  permit. 

Otherwise,  high  living  costs,  the  demands  of  the  industries  and  competi- 
tion of  other  schools  will  cause  vacancies  which  will  be  difficult  to  fill. 

C.  Sludent  Enrollment, 

Fresh.  Soph.  Jun.  Sen.  Total  Graduates 

1915-16 131         88  83  71  373  66 

191&-17 127         88  64  68  347  65 

1917-18 123         78  40  37  278  29 

1918-19 .    132         57  32  23  244  23 

The  above  figures  give  the  enrollment  in  engineering  from  the  year  of 
the  fire  to  the  present  and  show  the  effect  of  the  war. 

I  have  made  the  following  estimate  of  the  enrollment  for  1919-20: 

Chem.       Civil        Elec.     Mechan. 

Freshmen ....  150 

Sophomores..       14            40            22            32  108 

Juniors 6             14             12             17  49 

Seniors 7              6              6              8  27 

Returned  from  war  service 50 

Total 384 

D.  Course  of  Study. 

A  revision  of  the  course  of  study  is  in  progiess.  The  changes  proposed 
contemplate : 

1.  Four  (4)  credits  per  term  of  specialization  in  the  sophomore  year. 

Hitherto  the  course  has  been  uniform  from  the  first  two  years. 

2.  Deferment  of  the  economics  courses  to  the  last  two  yfears. 

3.  ConverFion  of  shop  course  from  the  purely  manual  to  the  labora- 

tory type. 

4.  Additional  group  options  in  the  Senior  year. 

The  freshman  year  of  the  new  course  will  be  effective  in  1919-20,  and  has 
been  duly  announced  in  the  catalog. 

E.  Buddings. 

The  new  buildings  aie  very  satisfactory  as  to  space  and  appointments* 
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The  several  departments  have  made  considerable  progress  towards 
replacement  of  equipment  destroyed  by  fire  in  1916,  but  much  remains 
to  be  done  as  rapidly  as  funds  and  prices  will  justify. 

G.     War  Service. 

M.  A.  C.  co-operated  with  the  government  of  the  United  States  in  its 
work  of  prosecuting  the  Great  War  by: 

(a)  Releasing  members  of  the  College  staff  for  war  service  with  various 

branches  of  the  Federal  government. 

(b)  By  its  hundreds  of  students  and  former  students  who  served  in 
militant  and  civilian  capacities. 

(c)  By  its  part  in  the  Students'  Army  Training  Corps  (S.  A.  T.  C) 

Sections  A  and  B. 

(d)  By  radio  code  courses  to  our  students  awaiting  call  to  service. 

(e)  By  extension  work  in  food  production  and  conservation,  and  in 

fuel    conservation . 

1.  S,  A.  T.  C,  Section  A,  This  work  was  planned  for  men  of 
college  caliber,  the  intention  being  to  utilize  the  colleges  as  preliminary 
traioing  or  selective  camps  for  officers  training  camps  and  schools  for 
non-commissioned  officers. 

Eight  hundred  and  sixty  students  were  duly  enlisted  in  Section  A 
of  the  S.  A.  T.  C,  fifty  of  these  being  a  naval  unit. 

Inherent  difficulties  in  the  system,  influenza  and  the  armistice  combined 
to  terminate  this  work  by  the  end  of  the  fall  term,  1918. 

2.  S.  A.  T,  C.  Section ,  B,  This  work  contemplated  vocational 
training  for  soldiers  selected  for  their  probable  aptitude  for  the  respective 
vocations. 

On  April  22^  1918,  acting  on  a  preliminary  understanding  with  the  Com- 
mittee on  Education  and  Special  Training  of  the  War  Department,  verified 
by  formal  contract  on  May  3,  active  preparations  were  begun  for  re- 
ceiving and  training  as  auto-mechanics  a  detachment  of  500  drafted  men 
for  a  period  of  two  months  beginning  May  15th.  The  men  came  from 
Wisconsin  on  the  16th  and  numbered  520.  Instruction  began  on  the  20th 
with  a  complete  equipment  including  10  Clas«  B  army  trucks  and  a 
teaching  and  administrative  personnel  of  about  60  persons.  It  is  a  mat- 
ter of  pride  that  the  organization  worked  smoothly  and  efficiently  from 
the  start,  both  within  its  own  inteiests  and  in  those  matters  requirmg  co- 
operation with  the  military  authorities. 

The  teaching  and  administrative  staff  was  recruited  from  the  regular 
force  of  the  engineering  and  farm  mechanics  departments,  from  oui  own 
engineering  students  under  draft  age,  from  auto-schools,  from  garages  and 
shops,  and  after  starting,  from  the  ranks  of  the  soldiers  themselves. 

Illustrative,  demonstrative  and  working  equipment  was  loaned  by  the 
government,  purchased,  loaned  by  auto  and  accessory  companies  or  con- 
structed as  could  be  done  the  quickest  and  the  best. 

The  instruction  scheme  divided  the  men  into  8  platoons  of  8  squads 
each  and  the  assigmng  of  each  platoon  to  one-week  periods  of  instruction 
in  eight  sub-divipions  of  the  work  as  follows: 

1.  General  chassis  repair. 

2.  Chassis  units  repair,  except  engine  and  electrical  units. 

3.  Engine  repair. 
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4.  Electrical  ignition,  lighti  ig  and  starting. 

5.  Caiburetoi  trouble  and  block  running. 

6.  Road  driving  and  trouble. 

7.  Forge   work. 

8.  Tractors  and  stationary  gas  engines. 

The  first  detachment  left  on  July  14th  and  was  distributed  as  follows: 
250  to  Camp  Hancock,  162  to  Camp  Jackson,  27  to  Raritan  Arpenal,  33 
were  retained  as  instructors  and  clerks,  12  were  sent  to  officers'  training 
camps  and  26  to  Camp  Custer,  10  having  been  rejected  for  physical  de- 
fects. 

The  majority  of  the  detachment  saw  service  "over  seas*'. 
On  July  19,  a  second  detachment,  of  500  men  from  Michigan,  arrived 
for  the  auto-mechanics  course,  and  was  trained  and  transferred  by  Septem- 
ber 13th. 

On  September  13th,  480  men  from  Michigan  arrived,  were  still  in 
training  at  the  time  of  the  armistice  and  were  held  here  until  finally  dis- 
charged from  service  on  December  17th. 

About  August  1st,  25  men  were  received  for  training  as  horseshoers  and 
the  same  number  as  carpenters. 

A  total  of  1504  men  received  vocational  training. 
By  November  11,  contracts  had  been  closed  and  all  arrangements  made 
for  training  until  June  30th,  of  this  year,  detachments  of  400  auto-mechan- 
ics, 50  radio  operators  and  mechanics,  50  topographers  and  30  machinists, 
but  of  course  we  were  requested  to  discontinue  operations  and  ''close  up 
shop''. 

The  Division  of  Veterinary  Science  cooperated  effectively  in  the  training 
of  this  group. 

The  district  director  of  the  Committee  on  Education  and  Special 
Training  says  of  our  work: 

"From  an  organization  stand-point  there  were  no  complaints  made, 
no  excuses  offered,  none  were  necessary.  The  efficient  organization 
was  peculiar  in  that  all  educational  matters  went  from  heads  of  depart- 
ments to  the  Supervisor  and  then  to  the  President.  The  President, 
Supervisor  and  Commanding  Officer  worked  as  a  unit  with  the  result 
that  there  were  never  any  difficulties  that  were  not  anticipated  and  met 
before  they  matured. 

*'The  main  course  was  for  auto-mechanics  and  special  instructors 
were  selected — many  of  the  men  having  been  released  by  manufacturers 
as  their  patriotic  contributions  to  the  war  work.  Practically  without 
exception  the  instructors  proved  to  be  satisfactory.  The  course  for 
horseshoers  was  on  an  excellent  basis  because  of  the  sufficient  number  of 
horses  to  work  upon  and  the  assistance  of  the  veterinary  department. 
"Most  of  the  equipment  was  purchased  for  this  work  but  part  of 
it  was  loaned  by  cooperative  manufacturers.  Ample  room  was  provided 
so  that  there  was  no  crowding  in  any  way  of  the  educational  work. 
'The  military  and  educational  work  was  well  balanced  and  there  was 
no  lag  or  lack  of  snap  in  either  the  educational  or  military  work  from  start 
to  finish." 
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8.    Exhibit  "A**  appended  hereto  presents  some  personal  observations 
on  the  Work  of  Section  B  of  the  S.  A.  T.  C.  at  M.  A.  C. 
H.    Appreciation. 

I  hereby  record  my  appreciation  of  authorities,  colleagues  and  students 
for  their  cooperation  in  ''carrying  on"  during  the  past  year  which  we  will 
all  remember  as  an  arduous  and  eventful  period  in  the  history  of  the  Col- 
lege and  of  the  Division  of  Engineering. 

Respectfully  submitted, 
GEORGE    W.    BISSELL, 

Dean  of  Engineering. 
East  Lansing,  June  30,  1919. 

EXHIBIT  "A'\ 

"analysis  of  methods  which  resulted  in  the  maximum  of  vocational 
efficiency  in  short  courses.'' 

By  G.  W.  Bissell,  East  Lansing,  Michigan,  at  a  conference  of  specialists 
in  Industrial  Education,  formerly  connected  with  the  S.  A.  T.  C.,  Chicago, 
May  10,  1919. 

My  connection  with  the  great  work  of  vocational  training  of  soldiers 
under  the  general  direction  of  the  Committee  on  Education  and  Special 
Training  of  the  War  Department  was  that  of  Supervisor  of  Vocational 
Training  in  the  S.  A.  T.  C.  at  the  Michigan  Agricultural  College.  A  visit 
to  Purdue  University  a  short  time  after  the  work  had  begun  there  and 
before  we  had  begun  it,  and  a  visit  to  the  University  of  Michigan  during 
July  comprise  the  experience  which  I  did  not  acquire  by  *'doing''  the 
work  itself.  I  may  perhaps  be  pardoned,  therefore,  if  my  paper  dis- 
cusses the  assigned  subject  mainly  from  the  standpoint  of  my  own  ex- 
perience which  I  will  relate  briefly. 

At  the  outset,  I  have  no  quarrel  with  the  thesis.  The  work  was  highly 
satisfactory  in  the  doing  and  in  the  results  obtained  so  far  as  I  know  and 
can  judge  by  what  I  have  heard  about  it  from  others  connected  therewith. 

The  discussion  divides  itself  more  or  less  naturally  into  two  parts: 

1.  The  methods  devised  in  advance  of  performance. 

2.  The  methods  devised  by  experience  in  the  performance, 
1.     The  Methods  Devised  in  Advance  were  based  upon: 

(a)  The  general  specifications  of  the  committee  as  to  the  character 
of  training,  the  field  to  be  covered,  the  time  allowed,  the  character  of 
men  to  be  instructed  and  the  preparations  of  the  men  to  receive  the  in- 
struction. 

(b)  The  creation  of  an  organization,  administrative  and  instructional 
to  start  the  work  and  carry  it  on  smoothly,  capable  of  adjustment  to  the 
needs  as  revealed  by  experience. 

(c)  The  material  equipment  available  at  the  institutions  or  obtainable 
by  the  time  needed. 

(d)  A  relative  short  preparation  period.  Too  much  emphasis  should 
not  be  placed  on  this,  because  as  a  matter  of  fact  schools  had  bid  for 
specific  work  several  months  in  advance  of  contracts  and  had  made  tenta- 
tive plans  for  doing  it. 

(e)  Inexperience  in  vocational  training.  I  believe  it  is  generally  true 
that  the  college  teachers  and  practical  men  who  were  utiHzed  in  the 
training  of  soldiers  had  had  no  experience  in  vocational  training. 
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(ia.)  Valuable  suggestions  as  to  character  of  training  were  contained  in 
the  instructions  of  the  Committee,  formally  issued,  and  verbally  in  inter- 
views with  the  District  Director,  and  from  the  various  bulletins  of  the 
Federal  Board  of  Vocational  Education.  # 

•  From  these  sources  the  course  of  study  was  first  outlined  and  then 
modified  by  consideration  of  institutional  facilities  for  the  work. 

At.  M.  A.  C.  the  first  job  assigned  by  the  Committee  was  that  of  train- 
ing for  auto-mechanics,  detachments  of  500  drafted  men  qualified  by 
8th  grade  schooling  and  mechanical  training  or  aptitude,  notification 
being  received  on  April  22,  a  contract  being  signed  on  May  3,  and  the  men 
being  scheduled  to  arrive  on  May  15,  and  to  depart  on  July. 15. 

It  was  decided  to  utilize  an  organization  in  the  Farm  Mechanics  De- 
artment  which  had  successfully  carried  on  **short-course"  work  in  gas 
tractors  and  small  gas-engines  for  a  number  of  years,  and  an  excellent 
equipment  and  personnel  in  forge-work  in  the  Mechanical  Engineering 
Department.  The  outlines  of  the  Federal  Board  of  Vocational  Education 
and  the  instructions  of  the  committee  were  not  in  radical  conflict  with  the 
above  plans  and  we  were  able  to  draft  thereby  a  number  of  our  college 
personnel  in  the  work,  to  their  delight  and  with  advantage  to  the  morale 
of  the  whole  undertaking  as  a  college  job. 

The  organization  as  finally  worked  out  provided  eight  units  of  instruc- 
tional work. 

1.  General  chassis  repair. 

2.  Chassis  parts  repair. 

3.  Engine  repair. 

4.  Carburetor  trouble  and  block  test. 

5.  Ignition,  lighting  and  starting. 

6.  Road  trouble  and  driving. 

7.  Forge  work. 

8.  Tractors  and  stationary  gas  engines. 

The  instriLciional  schedule  was  rotational  instead  of  progressive  and  was 
based  upon  the  platoons  of  which  there  were  eight,  each  consisting  of 
eight  squads,  each  squad  being  a  teaching  unit  so  far  as  the  duplicated 
equipment  and  the  number  of  instructors  was  concerned,  except  in  the 
forge-shop,  where   individual   equipment   was   available   at   the   outset. 

This  scheme,  in  general  and  in  detail,  is  very  mechanical  and  might  be 
criticised  adversely  on  that  score,  but  it  worked  so  well  when  put  in  prac- 
tice that  its  main  features  were  adhered  to  until  the  war  ended. 

A  very  comprehensive  recording  system  was  devised  to  meet  the  re- 
quirements of  the  Committee. 

(b)  The  administrative  and  teaching  organization  personnel  was  recruit- 
ed from  the  college  teaching  personnel,  from  regular  students,  and  from 
the  outside. 

Some  outsiders  were  obtained  from  two  automobile  schools  in  Detroit, 
some  from  the  waiting  list  of  another  institution,  some  from  apprentice 
school-work  in  automobile  factories,  some  from  mechanics  in  factories  and 
garages,  local  and  outside,  some  from  Selfridge  Field  Transport  School, 
and  an  electrical  expert  was  loaned  for  a  few  months  by  a  local  factory. 

The  men  were  picked  as  carefully  as  possible  in  the  time  available 
and  only  a  few  misfits  were  found. 

The  number  of  teachers  procured  for  each  instructional  unit  varied 
with  the  character  of  the  work  and  the  estimated  chances  of  finding 
suitable   soldier  instructors. 
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Early  in  the  game  the  proposed  organization  was  disarmed.  The 
diagram  was  not  changed  after  its  adoption  before  the  coming  of  the  first 
detachment. 

The  force  was  assembled  gradually,  the  men  assigned  to  specific  positions 
and  set  to  work  preparing  the  equipment  which  was  being  assembled  con- 
currently. 

The  initial  staff  consisted  of  about  50  persons.  The  working  staff  at 
M.  A.  C.  in  October  consisted  of: 

M.  A.  C.  teaching  staff 11 

Clerical  staff 8 

M.  A.  C.  students 2 

Trade  school  men 5 

U.  S.  A.  Transport  men 2 

Practical  men 17 

45 

Soldiers,  instructors 26 

Soldiers,  clerks 2 

28 
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The  necessary  relations  and  business  with  the  military  authorities  were 
maintained  by  a  committee  consisting  of  the  president  of  the  college,  the 
commanding  oflScer  and  the  supervisor.  Frictionless  cooperation  resulted 
in  all  matters.  Expenditures  were  controlled  by  the  supervisor,  the  presi- 
dent and  the  secretary  of  the  college.  Purchases  were  made  by  the  college 
purchasing  agent  and  the  supervisor  classified  the  items  of  expense. 

(c)  The  material  equipment  was  obtained  in  various  ways  and  from 
many  sources.    Army  trucks  arrived  before  the  instruction  began. 

The  wojk  of  instruction  was  based  at  the  outset  on  the  principle  of 
"Learning  by  doing"  but  lectures  and  examinations  were  included  as  acces- 
sory means  of  imparting  instruction. 
2.     Methods  Evolved  by  Experience. 

We  found  immediately  that  the   soldiers   were  intensely   interested 
and  receptive,  and  that  our  chief  concern  was  to  be  that   they   should- 
have  eflScient  instruction. 

We  found  also  that  our  instructors  were  extremely  eager  to  do  the  best 
that  could  be  done. 

Our  task  was,  therefore,  that  of  training  the  instructors  to  the  duties  of 
the  job  which  required: 

1.  Individual  instruction,  except  in  lectures. 

2.  Grading  of  the  soldiers,  in  practice  work  and  in  examinations. 

3.  Cooperation. 

This  training  was  accomplished  by: 

1.  Supervision,  continually  by  the  supervisor,  chief  instructor,  re- 

corder and  the  Commanding  OflScer. 

2.  By  teachers*  meetings. 

3.  Rotational  instructors'  schools. 

4.  Suitable  forms  for  grading. 
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2.  The  teachers'  meetings  were  held  on  Friday  afternoons  after  class 
hours.  Teaching  problems,  grading,  discipline,  etc.,  were  presented  and 
discussed  or  papers  were  prepared  and  read  by  some  of  the  instructors  on 
appropriate  subjects  or  outsiders  lectured. 

3.  Three  afternoons  each  week,  after  class-work,  the  instructing  force 
''went  to  school''  in  rotation,  one  or  two  weeks  in  each  of  the  instructional 
departments.  This  promoted  cooperation.  Also  the  instructors  attended 
the  lectures  given  to  the  soldiers,  in  the  subjects  germain  to  their  work. 

The  fifth  afternoon  was  devoted  to  making  or  devising  necessary  changes 
in  equipment  to  improve  the  work. 

4.  Individual  grading  was  done  at  the  end  of  each  class  day,  the  forms 
used,  being  provided  with  photo  of  the  soldiers  to  assist  in  this  task. 

Another  point  developed  from  experience  was  that  most  of  the  soldiers 
wanted  a  text  book  of  some  kind.  We  procured  and  sold  to  them  several 
hundred  copies  of  Dyke's  Encyclopedia  and  prepared,  gratis,  complete 
mimeograph  notes  in  all  departments. 

The  manuals  issued  by  the  Committee  did  not  arrive  in  time  for  the 
first  and  second  detachments  and  did  not  then  meet  our  requirements, 
because  they  predicated  "reading"  before  ''doing"  and  this  did  not  appeal 
to  the  soldiers,  or  to  the  instructors.  These  manuals  were,  however,  very 
useful  to  the  instructors  from  the  "points"  and  suggestions  contained  as 
to  the  ground  to  be  covered  and  the  information  and  skill  which  the  sol- 
diers should  have. 

In  tractor  work  a  manual  which  had  given  good  results  with  civilians 
was  used  for  the  soldiers. 

Note  books  were  furnished  to  soldiers  and  their  use  advised  in  some 
units  such  as  ignition  and  lighting. 

Experience  showed  that  some  instructors  were  not  of  the  caliber  or 
experience  required,  at  least  in  the  positions  originally  assigned  to  them. 
Transfers  were  made,  involving  sometimes  demotion  or  promotion,  and 
eventually  some  were  released. 

Soldier  instructors  were  used  to  some  extent  from  the  first  week  and 
were  fairly  successful  especially  after  they  were  given  temporary  "non 
com"  rank  and  allowed  to  put  in  full  time,  including  attendance  on  in- 
structors'  meetings  and  schools. 

Since  writing  the  above  I  have  read  Mr.  Dooley's  "Final  Report"  and 
I  conclude  that  my  experience  has  much  in  common  with  others  similarly 
engaged. 

An  analysis  of  the  general  experience  seems  to  me  to  show  that  the 
success  which  attended  this  large  experiment  in  vocational  training  was 
due  to: 

1.  Superior  motivation. 

2.  Appropriate  subject  matter. 

3.  The  application  of  sound  principles  of  organization. 

4.  The  application  of  sound  pedagogic  principles. 

5.  The  disciplinary  experience. 

1.  The  motivation  was  two-fold — major  and  minor.  The  major  motiva- 
tion was  the  spirit  to  "win  the  war"  which  had  awakened  in  the  whole 
nation  and  was  growing  with  tremendous  speed  and  accomplishing  won- 
ders in  all  national  undertakings.  This  spirit  invested  the  very  soul  of 
soldier-students  and  was  bound  to  produce  results  if  the  energy  resulting 
was  wisely  directed. 


Digitized  by 


Google 


DEPARTMENT  REPORTS.  65 

The  minor  was  the  idea  of  learning  something  worth  while  by  going 
to  school  without  financial  anxiety. 

3.  The  principles  of  organization  were  business-like  and  applied,  there- 
fore, with  directness  and  efficiency. 

4.  The  pedagogical  principle  was  that  of  ''learning  by  doing^'  which  is 
bound  to  produce  better  results  with  the  majority  of  young  men  than  an 
academic  training. 

5.  Regular  habits  and  duties  have  been  preached  by  many  but  their 
benefits  have  never  been  so  strikingly  shown  as  in  the  work  which  we  are 
discussing. 

Rea4iion8, 

Our  experiences  will  undoubledly  react  on  educational  methods  of  all 
kinds  and  in  all  branches  of  education. 

Just  now,  many  colleges  are  undergoing  relapses  from  army  discipline — 
such  as  more  serious  out-breaks  of  hazing  and  inter-class  scraps  than  for 
many  years  past. 

Hi  This  is  natural  and  will  pass.  Moreover,  the  colleges  train  only  a  very 
few  relatively.  The  masses  must  be  trained  vocationally.  The  war  has 
shown  what  can  be  done  under  the  motivation  of  the  war  spirit.  Let  it  be 
our  task  as  a  nation  to  lift  up  the  industrial  spirit  to  motivate  vocational 
work. 

If  this  can  be  done  I  feel  sure  that  the  experience  that  we  have  had  with 
the  soldiers  will  be  very  useful. 

A  useful  reaction  of  the  experience  will  appear  in  college  training. 
Most  of  us  learned  much  that  will  help  us. 

1.  The  advantage  of  individual  instruction. 

2.  The  importance  of  tying  instruction  to  the  student's  previous  ex- 

perience, aptitude  and  sympathies. 

3.  The  value  of  discipline. 

4.  The  importance  of  vocational  selection  by  systematic   mental 

tests. 

5.  The  necessity  of  revealing  to  the  student  as  far  as  possible  the 

practical  value  of  the  subject  matter. 
All  of  which  we  thought  we  had  fully  appreciated  and  about  which  we 
had  certainly  talked  to  the  extent  of  ''rain  repetitions"  but  which  we 
should  know  by  experience. 

REPORT  OF  THE  DEPARTMENT  OF   CIVIL  ENGINEERING. 

President  F.  S.  Kedzie,  College. 

Dear  Sir — The  first  half  of  the  college  year  just  passed  presents  a  record 
of  uncertainty,  distractions  and  an  almost  complete  disorganization  of 
the  regular  educational  plan,  so  far  as  engineering  courses  are  concerned. 
The  year  before  had  been  bad  enough,  but  a  hopeful  sign  appeared  in 
the  deferred  service  regulations  of  the  War  Board.  However,  the  summer 
of  1918  brought  a  shock  in  the  dissipation  of  this  one  promise  for  the  future 
and  deferred  service  for  engineering  students  was  revoked.  Without  doubt 
the  connection  of  the  College  with  the  war  program  will  be  given  ample 
historical  record  elsewhere,  but  I  desire  to  pay  my  respects  to  the  short- 
sighted policy  which  could  and  did  throw  into  the  discard  all  systematic 
training  of  real  engineers.  Had  the  duration  of  the  war  extended  for 
several  years  I  wonder  whence  would  have  come  the  necessary  supply 
of  trained  men  in  this  line. 
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For  the  fall  of  1918  all  thought  of  following  our  normal  schedule  was 
abandoned,  but  the  requirements  of  the  S.  A.  T.  C.  program  provided 
plenty  of  work  for  the  teachers  of  this  department.  In  these  soldier  classes 
there  was  no  lack  of  earnest  effort  on  the  part  of  either  instructors  or 
students.  In  fact,  all  our  teachers  marveled  at  the  eagerness  generally 
shown  by  the  students  assigned  to  us  for  training.  This  manifestation  of 
desire  and  receptivity  died  on  the  day  that  the  armistice  was  announced  so 
far  as  the  majority  of  the  students  were  concerned.  They  were  more  than 
ready  to  exert  themselves  to  the  utmost  so  long  as  their  training  could 
have  possible  use  in  the  war  program.  When  that  possibility  was  removed 
the  young  men  returned  to  their  pre-war  lines  of  thinking.  Those  who 
wanted  to  be  physicians,  lawyers,  dentists  or  anything  else  than  engineers, 
lost  all  interest  in  matters  pertaining  to  engineering.  It  was  an  interesting 
study  to  note  the  remarkable  transformation  from  classes  uniformly 
earnest  and  purposeful  to  groups  largely  indifferent  and  apparently  stupid 
when  judged  by  the  usual  standards. 

Both  the  epidemic  of  influenza  and  the  military  control  mixed  in  with 
the  educational  prograin  tended  to  annoy  and  confuse  us  in  our  attempts 
at  a  systematic  management  of  class  training.  During  the  whole  period 
of  dealing  with  the  S.  A.  T.  C.  classes  in  Surveying  and  Mapping,  the 
membership  of  no  class  appeared  the  same   on  two  consecutive  days. 

About  two  weeks  before  the  S.  A.  T.  C.  class  work  was  taken  up  on 
October  1,  1918  this  department  had  been  given  general  directions  con- 
cerning the  character  of  instruction  to  be  arranged  for  soldiers  and  sailors. 
These  instructions  came  from  the  war  committee  on  education.  From  the 
same  source  we  received  assurances  that  other  information  would  be 
supplied  *4n  a  few  days"  regarding  outlines  of  courses,  sample  exercises 
and  the  like.  It  would  have  been  fatal  to  wait  for  the  promised  material, 
and  it  is  interesting  to  note  that  practically  none  of  it  arrived  in  1918, 
while  quantities  of  it  did  appear  about  the  1st  of  May  1919,  more  than  five 
months  after  the  armistice  and  nearly  as  long  after  the  S.  A.  T.  C.  had 
become  only  a  memory. 

Courses  had  been  prepared  by  the  department,  however,  and  such 
other  preparations  had  been  made  that  when  the  S.  A.  T.  C.  contingents 
were  assigned  to  the  department  they  found  ready  vigorous  courses  in  the 
subjects  taught  in  this  department.  We  had  been  directed  to  prepare 
and  did  prepare  for  a  special  contingent  under  the  vocational  program,  to 
whose  members  we  were  expected  to  give  special  training  in  topographical 
surveying.    This  contingent  never  arrived. 

The  department  teaching  staff  for  the  year  included  the  names  listed 
below  in  the  order  of  seniority  of^appointment.  There  were  no  changes 
or  withdrawals  during  the  year. 

H.  K.  Vedder,  C.  E.,  Professor  of  Civil  Engineering. 

C.  A.  Melick,  D.  C.  E.,  Associate  Professor  of  Civil  Engineering. 

C.  M.  Cade,  C.  E.,  Assistant  Professor  of  Civil  Engineering. 

R  G.  Saxton,  C.  E.,  Assistant  Professor  of  Civil  Engineering. 

W.  W.  Hitchcock,  C.  E.,  Instructor  in  Civil  Engineering. 

B.  K.  Philp,  C.  E.,  Instructor  in  Civil  Engineering. 

H.  M.  Ward,  B.  S.,  Instructor  in  Civil  Engineering. 

(On  leave  for  military  service). 

By  reason  of  his  service  in  the  Phillipine  Constabulary,  covering  a  period 
of  about  three  years,  Mr.  H.  M.  Ward  became  eligible  to  a  commission  in 
the  United  States  Army,  and  was  appointed  a  Second  Lieutenant  in  the 
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Reserves.  He  was  secured  by  the  civil  engineering^departmentlas^an 
instructor  in  the  fall  of  1916  while  he  was  in  the  states  on  a  furlough,  and 
he  then  terminated  his  connection  with  the  Phillipine  Constabulary.  When 
the  United  States  entered  the  war  with  Germany  Mr.  Ward  was 
the  first  man  to  be  called  from  M.  A.  C.  He  left  the  college  May 
2,  1917  for  active  duty  at  Fort  Snelling,  Minn.  He  sailed  for  France 
June  13,  1917  with  the  26th  Infantry.  His  company  later  became  a  part 
of  a  machine  gun  battalion,  and  he  took  part  in  the  fighting  in  numerous 
sectors  including  Soissons,  St.  Mihiel,  Argonne,  Mouzon  and  Sedan,  be- 
sides serving  for  a  time  in  the  Army  of  Occupation.  He  became  First 
Lieutenant  in  the  field,  and  was  discharged  at  Camp  Custer,  June  30, 
1919. 

Mr.  Ward's  position  as  instructor  was  kept  open  for  him,  and  he  seriously 
considered  the  resumption  of  his  work  in  the  department  until  a  tempting 
ofifer  caused  him  to  take  up  practical  engineering  and  to  withdraw  from 
his  college  connection. 

All  other  members  of  the  department  staff  stood  ready  to  serve  the 
country,  and  freely  offered  themselves  for  any  duty  that  could  promote 
the  welfare  of  the  United  States  in  the  great  war.  That  our  teachers  with 
one  exception  were  not  called  elsewhere  was  undoubtedly  due  to  the  fact 
that  their  usefulness  was  very  properly  held  to  be  most  eflBciently  applied 
when  they  directed  their  energies  to  the  education  of  soldiers,  as  they  did. 

As  has  been  noted,  the  fall  term  of  1918  beginning  October  Ist 
witnessed  a  merger,  of  our  engineering  schedule  with  the  war  program. 
Nearly  all  phases  oJF  class  instruction  were  adapted  to  meet  the  require- 
ments of  the  S.  A.  T.  C.  All  instruction  of  army  units  ceased  in  December, 
and  we  took  up  a  regular  college  schedule  on  January  2,  1919.  The  winter 
term  was  occupied  with  the  usual  fall  term  program.  The  spring  term 
was  likewise  given  up  to  studies  that  normally  appear  in  the  winter. 
The  arrangement  of  two  summer  terms  in  1919,  each  six  weeks  long, 
made  it  possible  for  many  engineering  seniors  to  complete  their  work 
for  graduation,  and  permitted  lower  classmen  to  make  up  the  loss  suffered 
by  reason  of  the  fall  term  army  occupation.  The  subjects  taught  during 
the  year  by  the  department  staff  and  the  number  of  students  in  all  classes 
are  set  forth  below.  Although  the  first  summer  term  extends  beyond  the 
end  of  the  fiscal  year,  it  has  seemed  well  to  include  it  in  this  record  since 
it  completes  a  study  year  for  a  large  percentage  of  our  students.  * 

FALL  TERM. 

Suruying  and  Mappinq—2  hmirs  in  olaas,  6  hours  in  field,  114  students,  4  recitation  sections,  and  6  field  sections,  m  charge 
of  Measrs.  Meliek,  Saxtoo, Fhilp  and  Hitchcock. 

Mapving  and  Naiia(iion^2  hours  in  class,  6  hours  in  field,  31  students,  1  section.  Recitation  work  directed  by  Mr.  Cad^ 
field  work,  Mersrs.  Cade  and  Saxton. 

C,B.  4o  (Mechttnia  of  Engineeringy—b  recitation  hours,  11  students,  1  section;  Mr.  Veddcr. 

C.  B.  6  (Hydraulie$y-^  recitation  hours,  3  students,  1  section;  Mr.  Vedder. 

Mathemat  ci/or5oM»er«— 5  hours  recitation  per  week,  17  students,  1  section;  Mr.  Philp. 

C,  B.  6  iAdvtmeed  Surveying)— 2  hours  in  class.  4  hours  in  field,  6  students,  1  section;  Mr.  Vedder. 

WINTER  TERM. 

C.  E.  S  (AgrieuUianlEMinwrinj)-'^  recitation  hours,  10  3t  jdents,  1  section;  Mr.  Vedder. 

C.  B.  ^a  (Medumia  of  Engineering)— i  rooitation  hours,  22  atadents.  2  sections;  Mr.  Philp,  Mr.  Saxton. 

C.  E.  Jib  {Msehemice  ofEnjin9ering)—5  recitation  hours,  11  students,  1  section;  Mr.  Meliok. 

C.B  4d  (7rap^ieio/rrjin»25(rac(ttrM)— Srecitation hours, Ostudents.lsection;  Mr. Meliek.  . 

C.E. 6  iHgdranlin) — 5 reoitition hours,  llstudenta,  1  section;  Mr.  Saxton. 

C.B.Sa  (rt/irauJicLiWri'ir/)— tub x-vt)-/ ho iM, 8  Jtidaats,  1  section;  Mr. Saxton. 

C.  E.  7a  (Topognffhie  Mapping)—^  laboratory  hours,  4  students.  1  section:  Mr.  Cade. 

C.  E.  8a  (Bridge Sir«$»e$)—^  recitation  hours,  6  students,  1  section;  Mr.  Vedder. 

C.B.  ti  (EmerimentalLabcratorvi—^ labcH^tory  hoiu^,  6 students,  1  section;  Mr.  Hitchcock. 

Drawing  dt  Deeifpi  Sa — 6  laboratory  hours  per  week,  16  students,  1  section;  Mr.  Philp. 

Drawing  dt  Detign  4e — 8  laboratory  hours  per  wedc,  26  students,  1  section;  Idr.  Cade. 

Dramtag  dt  Dntgn  7—6  laboratory  hours  per  week,  6  students.  1  sectioa;  Mr.  Hitchcock. 
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SPRING  TERM. 

C.  E.  lb  {SwHving  A  Letelino)—2  hours  in  elia,  4  hours  in  6eld.  41  students,  3  recitation  scciioos,  3  field  seotioos,  in  chaner 
of  Measrs.  Cade.  Philp  and  Hitchcock. 

C.  B.  $  (Svntyino  M$lhod») — 3  hours  in  class,  4  hours  in  field,  4  students,  1  section:  Mr .  Vedder. 

C.  B.  ^  (MtchaMet  of  Bnginemnah-S  recitation  hours.  21  students,  2  sections:  Mr.  Saxton,  Mr.  Hitchcock. 

C.  B.  4c  (Strenglh  ofMaUriaU)—i  recitation  hours  ten  students,  2  sections;  Mr.  Philp. 

C.  B.  e  {Adnneed  Svrtet/ino)—^  hours  in  class,  4  hours  in  field.  18  students,  4  recitation  seotioDS,  4  field  sections,  in  charge  of 
Messrs  Cade  and  Hitchcock. 

C.  B.  Oa  (Topograpkie  Mappitm) — 2  hours  b  olaa,  4  hours  in  field,  7  students,  1  section;  Mr.  Cade. 

C.  B.  6b  (Hiifher  Sur9e^ng)—l  hour  in  class,  4  hours  in  field,  6  students,  1  section;  Mr.  Vedder. 

C.  B.  &>  (Bridoe  AfuUvtitandDetion) — 8  laboratory  hours,  ^students,  1  secti<»;  Mr.  Meliok. 

C.  B.  9  {Moionry  and  Arclu$) — 3  hours  in  class,  4  hours  in  laboratory,  6  students,  1  section;  Mr.  Melick. 

C.  B.  10  iPafemenU) — 2  recitation  hours,  Ustudenta,  1  section;  Mr.Sazton. 

C.  B.  14  {A9tronomy)—2  hours  in  class,  2  hours  in  field,  10  students,  1  section;  Mr.  Vedder  in  olaas,  assisted  by  Mr.  Philp  in 
field. 

C.  B.  16  (WaUr  Supply  and  Sewerage)— 4  recitation  hours,  8  students,  1  section;  Mr .  Saxton . 

C.  B.  17  (Road  CoMtnicMon)— 2  hours  in  class.  6  hours  in  field,  lOstudents,  1  section;  Mr.  Saxton . 

FIRST  SUMMER  TERM. 
C.  B.  4c  (Strength  ofUaUriaU) — 10  recitation  hours  pa-  week,  19  students.  2  sections;  Messrs.  Saxton  and  Philp. 
C.  B.  7  (Railroad  awveying)—%  hours  in  class,  8  hours  in  field,  5  students,  1  section.  Recitation  woric  directed  by  Mr.  Saxton; 
field  work,  Measrs.  Saxton  and  Philp. 

C.  B.  11  (TAem)— 40 laboratory  hours  per  week,  5  students.  1  section;  Mr.  Vedder. 

C.  B.  IS  (Conbradt  and  Specificatunuh-^  recitation  hours  per  week,  1ft  students,  1  section;  Mr.  Vedder . 

For  all  army  courses  in  surveying  the  texts  used  were  Leach's  Engineer 
Field  Manual  and  Connor's  Military  Railways.  Other  text-books  used 
during  the  year  were  Merriman  &  Jacoby's  Roofs  and  Bridges,  Vols.  I, 
II,  III;  Vedder's  Notes  on  Surveying,  Daugherty's  Hydraulics,  Hancock's 
Mechanics,  Baker's  Masonary  Construction;  Harger  and  Bonney's 
Highway  Engineers'  Handbook,  Turneaure  and  Russell's  Public  Water 
Supplies,  Folwell's  Sewerage,  Hosmer's  Astronomy,  Tucker's  Contracts 
in  Engineering,  Boyd's  Strength  of  Materials,  Allen's  Railroad  Curves 
and  Earthwork,  Breed  and  Hosmer's  Surveying,  Vols.  I,  II;  Ingram's 
Geodetic  Surveying  and  Blanchard  and  Browne's  Highway  Engineering. 

The  total  expenditure  by  the  department  during  the  year  for  all  pur- 
poses has  been  $1,109.80.  During  the  same  period  the  sum  of  $127 
has  been  turned  in  for  class  and  examination  fees. 

Respectfully  submitted, 

H.  K.  VEDDER. 
Professor  of  Civil  Engineering. 
East  Lansing,  Mich.,  June  30,  1919. 

REPORT  OF  THE  DEPARTMENT  OF  MECHANICAL 
ENGINEERING. 

Dr.  F.  S.  Kedzie,  President,  Michigan  Agricultural  College. 

Dear  Sir — I  am  submitting  the  following  report  of  the  work  of  the 
Department  of  Mechanical  Engineering  for  the  year  ending  June  30, 
1919. 

The  personnel  of  the  department  at  the  end  of  the  year  was  as  follows: 

H.  B.  Dirks,  Professor  of  Mechanical  Engineering. 
Appointed  May  1,  1919. 

W.  E.  Reuling,  Assistant  Professor  of  Mechanical  Engineering. 

A.  P.  Krentel,  Foreman  of  Wood  Shop. 

G.  J.  Posthumus,  Instructor  in  Wood  Shop. 

G.  C.  Wright,  Foreman  in  Machine  Shop. 

R.  G.  Bigelow,  Instructor  in  Machine  Shop. 

J.  A.  Eicher,  Foreman  in  Foundry. 

W.  G.  Hildorf,  Foreman  in  Forge  Shop. 

Andrew  Watt,  Instructor  in  Forge  Shop. 

E.  C.  Crawford,  Laboratory  Engineer. 

J.  F.  Hineline,  Mechanician. 

C.  N.  Rix,  Storekeeper. 
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Mr.  J.  A.  Poison,  formerly  head  of  the  department,  resigned  on  March 
1,  1919,  giving  up  his  teaching  work  to  enter  the  field  of  the  manufacturing 
industry.  As  the  new  head  was  not  appointed  until  May  1st,  the  direction 
of  the  department  was  in  the  hands  of  Dean  Bissell  until  that  time.  The 
courses  formerly  taught  by  Professor  Poison  were  handled  as  follows: 
ME-5a,  Works  Management,  by  Mr.  Wright,  ME-17a,  Thermodynamics, 
by  Mr.  Field,  and  ME-13d,  Engineering  Laboratory,  by  Mr.  Reuling.  I 
wish  to  express  my  appreciation  of  this  extra  work  by  the  above  men. 

Mr.  G.  H.  Peters,  formerly  Instructor  in  Wood  Shop,  resigned  on 
March  15,  1919.  His  place  was  not  filled  and  necessitated  the  carrying 
of  an  added  burden  by  Mr.  Krentel  and  Mr.  Posthumus,  for  there  were 
131  students  registered  in  the  Wood  Shop  courses  in  the  third  term.  Ap- 
preciation of  this  added  work  is  acknowledged.  • 

On  account  of  the  forming  of  the  Students  Army  Training  Corps, 
there  was  very  little  of  the  fall  term  college  work  given,  as  indicated  in 
Table  I.  The  regular  work  was  replaced  by  specified  courses  laid  down  by 
the  Government,  which  varied  with  the  age  of  the  student  and  the  branch 
of  training  to  be  followed. 

In  January  the  S.  A.  T.  C.  was  abandoned,  and  the  regular  fall  term 
college  work  was  taken  up.  The  winter  term's  work  was  taken  up  in 
spring,  and  the  spring  terms  work  is  being  completed  during  the  summer,  so 
that  by  next  fall,  it  is  hoped,  most  of  the  irregularities  due  to  the  war  will 
have  disappeared. 

In  addition  to  the  regular  college  work  and  that  of  the  S.  A.  T.  C,  a 
great  deal  of  work  was  done  by  members  of  the  department  in  connection 
with  the  training  of  the  soldiers  in  the  Auto  Mechanics  Training  School, 
established  here  by  the  government  beginning  May  15,  1919,  and  which 
continued  for  three  terms,  viz..  May  15  to  July  15,  July  15  to  September  15, 
and  September  15  unjtil  November  15,  1918.  The  following  is  a  list  of  the 
instructors  in  this  work,  and  represents  their  contribution  to  the  war 
activities  of  the  country. 

J.  A.  Poison,  Chief  Instructor  in  Shop  Courses. 

G.  C.  Wright,  Assistant  Instructor  in  Shop  Courses. 

W.  E.  Reiding,  Instructor  in  Farm  Tractors  and  Gas  Engines,  1st  and 
2nd  terms,  Instructor  in  Mathematics  in  S.  A.  T.  C.  during  3rd  term. 

J.  Hineline,  Instructor  in  Carburetion  and  Block  tests  during  1st  term, 
and  Instructor  in  Road  Trouble  during  2nd  and  3rd  term. 

W.  G.  Hildorf,  Instructor  in  Forging  and  Welding  and  Frames  and 
Front  Axle  Repairs,  during  all  three  terms. 

G.  J.  Posthumus,  Instructor  in  Chassis  Repairs,  Rear  axles  and 
Springs,  during  2nd  and  3rd  terms. 

Andrew  Watt,  Instructor  in  Forging  and  Welding — during  all  terms. 

E.  C.  Crawford,  Storekeeper — three  terms. 

R.  C.  Bigelow,  Machinist  (Enlisted  as  soldier,  but  transferred  here  for 
special  service). 

A.  P.  Krentel,  Superintendent  of  building  of  Barracks  and  garage. 

J.  A.  Eicher,  Assistant  Storekeeper,  during  3rd  term — Employed  in 
Ford  foundry  on  castings  for  Eagle  boats,  during  1st  and  2nd  term. 

During  the  year  new  equipment  has  been  obtained  for  additional  work 
in  the  heat  treatment  of  steel,  and  also  two  crucible  furnaces,  for  the 
foundry  work  in  brass  and  the  soft  metal  alloys. 

I  wish  to  call  attention  to  the  needs  of  the  department  for  further 
equipment  in  the  machine  shop  so  that  our  students  may  be  better  able 
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to  understand  and  to  help  solve  problems,  in  the  modern  methods  of  manil'- 
facture,  and  also  for  further  equipment  in  our  laboratory  necessary  for 
the  study  of  power  production  and  transmission  machinery,  the  strength 
of  materials,  and  power  plant  work,  including  the  economical  use  of 
fuels.  . 

The  class  work  of  members  of  the  department  is  given  in  the  tables 
that  follow. 

Respectfully  submitted, 

H.  B.  DIRKS, 
Professor  of  Mechanical  Engineering. 
East  Lansing,  June  30,  1919. 


TABLE  I. 
Chua  Work  ofDejurbnaUt^MuhmiealEnffifuering,  FaU  Term,  ms. 


Class. 

Subject. 

No.  of 

oouTfe. 

Teacher. 

Hours  per 
week  each 
student. 

No.  of 
students. 

Student 

hours  per 

week. 

Frmlimen. 

Elements  of  Engineering 

Wood  Shop 

1 

2a 

2d 

8c 

DeanBissell 

1 
6 
6 
3 

26 

40 

29 

3 

26 

Freshmen 

Mr.  Kreniel.  Mr.  Peters 

Mr.  Krentel,  Mr.  Peters 

Prof.  Reuling 

294 

Frmhmpn 

Farm  Meenviieff 

174 

Seniors 

Gas  Power  Engineering. 

9 

Total... 

• 

107 

503 

TABLE  II. 
CUua  Work  of  Dtpartmgnt  of  Mechanical  EnginMririg,  Winter  Term.  i)lS. 


Class. 

Subject. 

Elements  of  Engineering 

Woodshop 

No.  of 
course. 

Teacher. 

Hours  per 
week  each 
student. 

No.  of 
students. 

Student 

hours  per 

week. 

Freshmen 

1 

2a 

2b 

3ah  .. 
11a... . 
4ab.. 

7a 

13a 

8c 

13c ... . 
13d... 

2h 

2k 

5a 

ISc   . 
19a  .. 
2Ia.... 

DeanBissell.       . 

1 
6 

6 

6 
2 
6 
3 
4 
3 
4 
6 
6 
6 
3 
3 

20 
4 

77 
81 

47 

26 
33 
25 
30 
26 
9 
21 
2 

29 
9 
1 
7 
1 
o 

77 

Freshmen.... 

Mr.  Krentel ,  Mr.  Poathumus .... 
Mr.Peters 

764 

Woodshop 

Freshmen. . . . 

Mr.  Krentel,  Mr.  Posthumus .... 
Mr.Petw 

Fc                               

F<                                

Fc                               

Q                           f 

Ei                                f 

Gi                                

El                                f 

Ei                               f 

M                                

M                                

W 

w                             

Sophomore. . . 

Mr.Hildorf.Mr.Watt 

464 

Juniors 

Mr.Hildorf.Mr.Watt 

Sophomore. . . 

Mr.Eicher 

150 

Juniors 

Mr.Reuling 

Juniors 

Mr.Reuling 

\          392 

Seniors 

Mr.Reuling 

Seniors 

Mr.Reuling 

480 

228 

1            21 
20 
20 

Seniors 

Juniors 

Seniors 

Seniors 

Seniors 

Seniors 

Jr.  Women. 

Mr.Reuling 

Mr.  Wright,  Mr.  Bigelow 

Mr.  Wright,  Mr.  Bigelow 

Mr.  Wright,  Mr.  Bigelow 

Pfof.PoIron 

Prof.  Poison 

Mr.  Krentel ,  Mr.  Poethumus . . . 
Mr.Peters 

Total... 

428 

2.61G 
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TABLE  nr. 

Clou  Work  of  Deparltnmt  of  Mechanieal  Mnyinwring,  Spring  Term,  1919. 


Class. 


FrcBhmen. . . 
Freehmen. . . 
FrenuDfeo. . . 
Sophomore.. 
SophonKve. . 

Seniors 

Sophmore. . 
Sophmore.. 

Juniors 

Seniors 

Seniors 

Seniors 

Juniors 

Seiuors 

Juniors 

Juniors 

Seniors 

Freshmen... 
Freshmen. . . 
Jr.  Women.. 
Saii<vs 


Total. 


Subject. 


Woodshop 

Woodshop 

Woodshop 

Forge  Shop 

Forge  Shop 

Forge  Shop 

Foundry 

Foundry 

Machine  Shop 

Machine  Shop 

Machine  Shop 

Machine  Shop.. 

Thermo-dynamies 

Thermo-dynamics 

Engineering  Laboratory . 
En^neering  Laboratory . 
Engineering  Laboratory . 

Farm  Mechanics 

Farm  Mechanics 

Woodshop 

Power  Station  Design . . . 


No.  of 
course. 


2a.... 
2b.... 
2c.... 
3a.... 
3e.... 
2b.... 
4a.... 
4c.... 
2i.... 
2k.... 
21.... 
5a.... 
17a... 
17a.. 
13a... 
13b... 
13d... 
2d.... 
3d.... 
21b. . . 
18b... 


Teacher. 


Mr.  Posthumus.. 
iir.  Posthumus . . 
iir.  Posthumus.. 

fIr.Watt 

Cr.Watt 

Ir.Watt 


[r.  Bigelow . 
[r.Bigelow. 
[r.  Bigelow. 
[r.Bigelow. 


^r.  Posthumus . 
-Ir.Watt 


[tloursper 
wedceach 
student. 


No.  of 

students. 


Student 
hours  per 


013 

312 

270 
165 

88 

218 

144 

384 

6 

91 


2,5»0 


REPORT  OF  THE  DEPARTMENT  OF  ELECTRICAL 
ENGINEERING. 

President  F.  S.  Kedzie,  College. 

Dear  Sir — At  the  time  of  my  last  report,  the  United  States  was  at  war, 
and  the  department  was  holding  itself  in  readiness  to  train  men  for  Signal 
Corps  work  in  the  army.  Our  whole  staflF  remained  on  duty  during  the 
summer  ready  to  give  instant  service  in  the  war  work.  We  expected  to 
have  75  or  100  men  in  training  for  the  Signal  Corps,  but  before  they  ar- 
rived the  armistice  was  signed. 

Mr.  Andres  of  the  Department  of  Electrical  Engineering  assisted  in 
the  electrical  instructional  work  of  the  Motor  Mechanics  School,  being 
engaged  in  that  work  until  the  11th  of  October.  Since  that  date  we  have 
been  endeavoring  to  get  readjusted  to  peace  conditions.  It  meant  the 
rearranging  of  apparatus,  and  the  renewing  of  our  equipment  (which  had 
been  previously  depleted  by  the  fire  of  1916). 

After  the  armistice  was  signed,  in  order  to  encoiu-age  former  students 
to  return  to  college,  the  faculty  very  promptly  promised  them  that  upon 
their  return  classes  would  be  provided  for  them,  so  that  they  could  go  on 
with  their  regular  college  work  with  a  minimum  of  interruption.  That 
promise  resulted  in  pretty  strenuous  times  for  every  department,  and 
necessitated  broadening  the  scope  of  the  work  of  the  Summer  School,  this 
year,  as  a  very  large  proportion  of  the  students  missed  their  fall  term's 
work,  and  would  be  obliged  to  attend  Summer  School  in  order  to  be 
ready  for  their  regular  classes  this  fall  (1919). 

In  the  fall  of  1917,  Mr.  P.  G.  Andres  left  his  teaching  work  in  the 
Northern  Peninsula  to  help  the  Colle'ge  with  its  radio  telegraphic  work 
which  provided  instruction  in  telegraphy  for  all  the  students  who  desired 
to  prepare  for  that  line  of  service,  during  the  period  of  the  war.    As  stated 
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earlier  in  my  report,  he  assisted  in  the  electrical  instructional  work  in 
connection  with  the  U.  S.  Army  School  of  Motor  Mechanics  under  the  di- 
rection of  the  Mechanical  Engineering  Department. 

From  July  18  to  September  16,  Mr.  M.  M.  Cory,  of  the  department, 
attended  the  S.  A.  T.  C.  camp  at  Fort  Sheridan,  Illinois,  where  he  received 
special  instruction  in  liaison  work.  On  his  retiu-n  to  the  College,  he  assisted 
the  Military  Department  throughout  the  diu-ation  of  the  war,  and  for  a 
time  after  its  close. 

Very  respectfully  submitted, 

A.  R.  SAWYER, 
Professor  of  Electrical  Engineering. 
East  Lansing,  June  30,  1919. 

REPORT  OF  THE  DEPARTMENT  OF  DRAWING  AND  DESIGN. 

President  F.  S.  Kedzie,  Michigan  Agricultiu-al  College. 

Dear  Sir— I  herewith  present  to  you  my  third  annual  report  as  head  of 
the  Departrcient  of  Drawing  and  Design  for  the  year  ending  June  30,  1919. 

During  the  period  from  May  15  to  December  15,  1918,  I  served  the 
College  in  the  capacity  of  Record  Keeper  for  the  Vocational  Section  of  the 
Student  Army  Training  Corps,  in  addition  to  my  regular  duties  connected 
with  the  Drawing  Department.  A  complete  record  of  the  individual 
work  carried  on  daily  by  each  student  was  kept  in  my  office  and  from  these 
records  frequent  reports  were  sent  to  Washington,  and  the  boys  aptitude 
along  certain  mechanical  lines  was  determined.  At  the  end  of  each  two 
months  the  men  were  grouped  according  to  their  abilities  and  sent  out 
into  the  service  of  the  government.  There  were  1626  men  who  were  in- 
ducted into  the  service  and  whose  records  are  on  file  in  my  office. 

Work  was  oiBfered  in  the  fall  term  to  members  of  the  Student  Army 
Training  Corps  (S.A.T.C.)  as  shown  in  the  Teaching  Schedule  attached 
to  this  report.  Every  effort  was  made  to  correlate  the  work  with  the 
outlines  as  submitted  by  the  Committee  on  Education  and  Special  Train- 
ing and  at  the  same  time  we  had  in  mind  the  possibility  of  substituting 
this  work  for  college  credit  at  some  futiu-e  time. 

There  were  some  sections  of  regular  college  students  enrolled  and  our 
total  for  the  fall  term  including  both  groups,  was  375  as  compared  with 
294  the  preceding  year. 

Mr.  L.  N.  Field  served  as  one  of  the  lecturers  in  the  Vocational  Section 
from  May  15  to  December  15,  1918. 

Mr.  J.  W.  Steward  served  as  an  instructor  in  the  Tractor  and  Gas  En- 
gine Department  throughout  the  summer. 

The  personnel  of  the  department  at  the  opening  of  the  fall  term  was  as 
follows: 

Mr.  R.  K.  Steward,  Professor. 

Mr.  Chase  Newman,  Associate  Professor. 

Mr.  L.  N.  Field,  Associate  Professor. 

Mr.  J.  W.  Steward,  Assistant  Professor. 

Mr.  A.  G.  Scheele,  Assistant  Professor. 

Miss  Caroline  L.  Holt,  Instructor. 

Mr.  E.  H.  Stewart,  Instructor. 

Mr.  Justus  Rising,  Instructor. 

Miss  Edith  Butler,  Assistant  Instructor. 
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Mr.  Alfred  Iddles,  Assistant  Professor,  was  given  a  leave  of  absence 
February  15,  1918,  and  resigned  December  26,  1918. 

Mr.  F.  D.  Messenger  was  given  a  leave  of  absence  on  May  4,  1918  and 
resigned  January  8,  1919. 

Mr.  M.  B.'Chapin  was  drafted  November  16,  1917  and  has  been  over- 
seas in  service.  He  returned  to  this  country  the  last  of  April  and  it  is 
hoped  that  he  will  return  to  take  up  his  work  teaching  in  the  department 
in  the  fall. 

I  wish  to  express  to  the  Department  of  Civil  Engineering  my  apprecia- 
tion for  the  services  of  Messrs.  C.  M.  Cade,  W.  W.  Hitchcock  and  B.  K. 
Philp,  who  assisted  us  during  the  winter  term. 

In  my  report  of  last  year  I  stated  that  plans  were  being  worked  out  for 
the  development  of  course^  along  art  lines,  and  I  am  pleased  to  state  that 
through  the  efforts  of  Mr.  Scheele,  and  the  cooperation  of  the  Department 
of  Household  Art,  outlines  for  additional  courses  have  been  presented  to 
and  approved  by  the  faculty,  so  that,  commencing  next  fall,  the  freehand 
work  will  be  required  of  freshmen  women  during  the  first  two  terms. 

In  the  fall  term  sophomore  year,  a  girl  who  is  interested  in  drawing 
and  painting  may  elect  work  in  these  lines  and  continue  it  throughout 
her  college  course  if  she  wifilhes.  This  will  include  courses  in  History  of 
Art,  History  of  American  Art  and  History  of  American  Paintings. 

There  have  been  several  changes  in  the  courses  given  to  the  women 
students  to  correlate  more  closely  the  work  of  the  Household  Art  and 
Drawing  Departments. 

There  has  also  been  approved  by  the  faculty,  certain  changes  in  the 
arrangement  as  well  as  context  of  drawing  courses  offered  to  the  freshmen 
and  sophomore  engineering  students,  and  I  feel  that  these  changes  are 
going  to  increase  the  efficiency  of  the  department  in  its  dealings  with  en- 
gineering students. 

The  blue  printing  department  has  completed  another  satisfactory  year 
from  a  financial  standpoint,  and  has  served  a  number  of  departments 
about  the  College. 

In  closing  permit  me  to  bear  testimony  to  the  uniform  support  which 
I  have  been  given  by  the  members  of  the  department  staff. 

The  following  is  a  teaching  schedule  of  the  department: 
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TEACHING  SCHEDULE  DEPARTMENT  OF  DRAWING  AND  DESIGN. 
FALL  TERM.  1018. 


CUm. 

Subject. 

No. 

Instmotor. 

Hours. 

No   of 
StndenU. 

FitvhmfA 

Meehaoical  Drawing 

4ab.l.... 
4ab-2... 

•6a 

Ib-l... 

lb-2 

I 

lU 

Ub 

m 

IVa 

IVb 

'•?«"•:; 

"oSf".  .'.'.■ 

••T" 

C  Newman 

6 
6 
6 
10 
10 
3 
3 
8 
3 
S 
3 
4 
3 

6 

4 
6 

12 

28 

FlMttkl^lMl 

L.N.Field 

22 

tSophomores 

Machine  Dcdgn...  7 

J.W.Steward 

23 

Freehand  Drawing 

A.G.8cheele 

16 

SophooMveB 

Frediand  Drawing 

C.L.HoU 

IS 

♦ISyewi 

E.  H.Stewart.  R.  K.Steward 

J.W.Steward 

36 

*18yMra 

Mechanical  Drawing 

24 

•ISyoOT 

E.H.  Stewart 

18 

*18  years 

Mechanical  Drawing 

E.  H.  Stewart,  C.  Newman 

30 

♦ISywOT 

Mechanical  Drawini 

16 

*18yeftra 

Mechanical  Drawing 

E.H.  Stewart »... 

22 

♦IQyewB 

Mechanical  Drawing 

R.K  Steward, J.W.Steward 

L.N.Field,C.  Newman 

32 

♦Wyetrs 

Mechanical  Drawing 

37 

*20yean 

J.W.Steward 

32 

^^yfMH 

Mwhanical  Drawing .     ... 

C  Newman . . . 

3 

*20year>i 

Mechanical  Drawing 

CNewman. .. 

22 

(o) 

Lectutain  Vocational  Work. 

L.N.Field 

140 

o) 

Record  Keeper 

R.K.  Steward. 

546 

Total 

• 

1.061 

•CIaae-A"S.A.T.C. 

tComblDatioo  of  Cla«i"A"  and  regular  students. 

(o)Claae**B"8.A.T.C. 


TEACHING  SCHEDULE  DEPARTMENT  OP  DRAWING  AND  DESIGN. 
WINTER  TERM.  1919. 


ClasB. 

Subject 

No. 

Instructor. 

Hours. 

No.  of 
Students. 

VrMlfifMn 

3a-2 

3a-2 

3a-3^... 

3a-3 

3a-« 

3a-4 

4ab^... 
4ab-4b.. 

4e-l 

4c-2 

4e-3 

4e-4 

4e-5 

4e-6 

6a-l . . . 

6a-2 

6b 

6c 

6d 

7 

Ih 

2b 

9-1 

9-2 

J.W.Steward 

6 
8 
8 
8 
8 
8 
8 

16 

Freehand  Drainng 

MiasC.Holt 1 

Freshmen 

A.G.Scheele 

16 

Freshmen 

Mfehanical  Drawing 

Edith  BuUer 

i.K.Philp. 

16 

Freshmen 

Freehand  Drawing ... 

MiwC.Holt \ 

A.G.Scheele    .                         \ 

16 

Freshmen 

Mechanical  Drawing 

Edith  Butler J 

,.W.Steward 

17 

Freehand  Drawing 

MiaC.Holt 1 

Freehmen 

A.G.Scheele 

17 

Fr<whfnM>     , 

Mechanical  Drawing 

[Edith  Butlw 

E.H.  Stewart 

15 

Freshmen 

Mechanical  Drawing 

13 

fffP^mPn 

Mechanical  Drawing 

L.N.Field.. 

13 

Freshmen  .     ... 

Mechanical  Drawing 

E.H.Stewart 

14 

Freahmoi 

Mechanical  DraingT 

C.  N^^wiTtm    . 

16 

Freshmen 

Mechanical  Drawing 

R.  K.  Stewart,  Justus  Rising 

E.H.  Stewart 

14 

Freshmen 

Mechanical  Drawing 

21 

Freshmen  

Mechanical  Drawing 

C.M.Cade 

26 

Sophomores 

8<q)bomore8 

Juniors 

Machine  Design 

J.W.Steward 

13 

MafhifM'D'wiin 

JustusRising  ...              ..     .. 

8 

Machine  Design 

L.  N.  Field^Justus  Rising 

L.N.FSeld 

31 

}C\pm^%\i^ 

6 

Juniors  

Machine  Design 

L.N.Field 

4 

Juniors 

Perspective 

W.  W.  Hitchcock 

6 

Fr<«W>d      . 

A.G.Scheele 

43 

Jniiicrs  And  Senicm  . 

History  of  Art 

Miss  Holt 

10 

Seniors 

House  Design 

R.  K.  Steward 

16 

Seniors 

Ho*»e  Design . , 

r.  N«>wmM ,      ,                 , ,     . 

31 

IVitel 

S84 
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TEACfflNG  SCHEDULE  DEPARTMENT  OF  DRAWING  AND  D33IGN. 
SPRING  TERM  1919. 


Clai 


Subject. 


No. 


Instructor. 


Hours. 


No.  of 
Students. 


Freshmen. 

Freshmen. 

Freshmen. 

Freshmen . 

Fredimen. 

J^efiiimen . 

Freshmen. 
Freshmen. 
Freshmen. 
Freshmen. 
Frerhmen. 
Frashmen. 
Freshmen. 
Freshmen. 


Sophon 
Sophomores. 


Juniors 

Juniors 

Juniors  and  Seniors . 
Juniors  and  Seniors . 
Juniors  and  Seniors . 

Seniors 

Juniors 


Meclunical  Drawing . 
Freehand  Drawing . . . 
Mechanical  Drawing . 

Freehand  Drawing 

Mechanical  Drawing . 
Freehand  Drawing. . . 


Mechanical  Drawing. . 
Mechanical  Drawing. . 
Descriptive  Geometry . , 
Descriptive  Geometry . . 
Descriptive  Geometry . . 
Descriptive  Geometry. . 
Descriptive  Geometry . , 
Descriptive  Geometry . . 


Machine  Design. 
Machine  Design. 


lQnemati<» 

Machine  Design 

Freehand  Drawing 

Freehand  Drawing 

History  of  American  Art . 

Engine  Design 

Thermodynamics 


3a-l. 

M 

3a-5. 

3a-5. 

3a-6. 

3a-6. 


4e-l.. 
4e-2.. 
Sab-3. 
6aM. 
5ab^. 
teb-6. 
5ab-7. 
5ab-8. 


6b.2. 
6b-3. 


6c... 
6d-4.. 
le... 
IL... 


8b 

ME  17a. 


C.  Newman...*. 

Miss  C.Holt.. 

A.G.Soheele.. 

Edith  Butler. . 
/.W.  Steward.. 

Miss  C.Holt.. 

A.G.Scheele. . 

Edith  Butler. . 
C.Newman.... 
[Miss  C.Holt... 

1  A.G.Scheele.. 
Edith  Butler.. 
!.  Newman.... 
Justus  Rising.. 
E.  H.  Stewart . . 
R.K.  Steward.. 
E.H.Stewart.. 
R.  K.  Steward. 
R.K.  Steward.. 
E.H.  Stewart.. 

J.  W.  Steward.., 
Justus  Rising.. . 


L.N.Field 

L.N.Field 

Miss  C.Holt.  A.G.  Scheele. 
MissC.  Holt,  A.G.  Scheele. 

MiasC.Holt 

L.N.Field 

L.N.Field 


15 
!.■> 
20 
20 


13 
13 
15 
9 
22 
13 
16 
16 

13 
10 

2 
5 
9 
16 
21 
4 
22 


ToUl. 


325 


East  Lansing,  June  30,   1919. 


Respectfully  submitted, 

R.  K.  STEWARD, 
Professor  of  Drawing  and  Design. 


REPORT  OF  THE  DEAN  OF  HOME  ECONOMICS. 

President  Frank  S.  Kedzie,  Michigan  Agricultural  College. 

My  dear  President  Kedzie — Permit  me  to  present  the  following  report 

for  the  Division  of  Home  Economics  for  the  year  1918-19. 
The  enrollment  for  the  year  was  as  follows: 
i^ji,^   Graduate * 1 

?^   Seniors 48 
f  Juniors 65 

J>>  Sophomores 58 

t   it  Freshmen 97 

f>^  ^   Special  Students 5 

i-*     Summer  Session  1919 127 

A  number  of  changes  were  made  in  the  regular  course  of  study.  Courses 

in  applied  design,  costume  design  and  millinery  have  been  added  to  the 

•work  in  Household  Arts  and  a  course  in  advanced  nutrition  and  dietetics 

to  the  work  in  Household  Science. 

A  special  course  has  been  outlined  in  the  junior  and  senior  years  for 

those  wishing  to  specialize  in  vocational  teaching. 
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The  course  of  study  now  stands  as  follows: 

FRESHMAN  YEAR 
Fall  Term 
Mathematios  1 5(5-0) 

College  Algebra 
English  8j 5(5-0) 

Composition 
Household  Art  la 5(2-6) 

SewinfiT 
Drawing  lb 3(0-6) 

Freehand 
Household  Art  10a 2(0-4) 

Design 
Physical  Training  a 


20 


Wiriter  Term 
Chemistry  la 5(4-2) 

(General  Elementary 
English  8k 

Composition 

or  [5(5-0) 

Mathematics  2 

Trigonometry 
Household  Art  lb .5(2-6) 

SeTvdnfiT 
Drawing  Ih 2(0-4) 

Freehand  Drawing 
Household  Arts  10b 3(0-6) 

Design 
Physical  Training  b 


Spring  Term. 
Chemistry  9 5(0-10) 

Qualitative  Analysis 
English  81 

Composition 

or  5(5-0) 

Mathematics  3 

Analytic  Geometry                           J 
Household  Science  la 5(2-6) 

Foods 
History  2 5(5-0) 

Nineteenth  Century 
Physical  Training  c 


20 


Fall  Term 
Chemistry  10 5(3-4) 

Organic  Chemistry 
Bacteriolo^  1 5(5-0) 

General  Bacteriology 
Household  Science  lb 5(2-6) 

Foods 
♦History  1 5(5-0) 

Contemporary  European 
I^hysical  Training  d 


20 
SOPHOMORE  YEAR. 

Winter  Term. 

Bacteriology  2 5(0-10) 

Morphological  and  Cultural 

Pities  3e 5(3-4) 

Heat 

Household  Science  Ic 5(2-6) 

Foods 

♦Economics  8 5(5-0) 

Principles  of  Sociology 
Physical  Training  e 


20  20 

Spring   Term. 
Physics  3d 5(4-2) 

Soimd  and  Light 
Economics  9 5(5-0) 

Elements  of  Economics 
Household  Art  3 5(2-6) 

Textiles 
•English  8h 5(5-0) 

Advanced  Composition 
Physical  Training  f 

20 

^Sophomores  who  wish  to  do  so,  may.  with  the  written  recommendation  of  the  department  con-^ 
cemed  and  the  consent  of  the  dean  of  the  division,  take  a  modem  language,  continue  work  in  n}ath« 
amaUcs  or  drawing  or  begin  one  of  the  elective  sciences  in  which  there  is  a  sequence  of  three  terms' 
work,  substituting  the  same  for  History  2  (Fan  Term) .  Economics  8  (Winter  Term)  and  English  8h 
(Spring  Term) .  All  students  making  this  substitution  are  expected  to  carry  tiit  subject  substituted 
for  three  consecutive  terms  of  the  year. 
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JUNIOR  YEAR. 
Required  Work. 


faU  Term. 

Household  Art  4 

Costume  Design 
and 

Household  Science"3 

Household-Management 
or 


3(1-4) 


2(2-0) 


Winter  Term, 
Household  Art  2a 

Clothing 
Chemistry  21a 

Ph^siologioal  Chemistry 
Physical  Training  h 


Household  Science  4 5(2-6) 

Advanced  Cookery 

Physiolo^r  lb 5(3-4) 

Physical  Training  g 


.5(1-8) 
.5(2-6) 

10 


15 

Spring    Term, 

Household  Art  2b 5(1-8) 

Clothing 

Chemistry  21b 5(1-8) 

[ical  Chemistry 
raining  i 

10 


Physiologica 
PhysicalTra 


SENIOR  YEAR. 

Required  Work.* 

Fall  Term. 


Household  Science  8a. 
Dietetics 
Physical  Training  j 


Winter   Term. 


Household  Science  8b 

Dietetics 
or 
Household  Art  7 
House  Furnishing 
or     • 
Household  Science  5 

Institutional  Management 
Physical  Training  k 


.5(3-4) 

5(2-6) 
5(1-8) 
5(2-0) 


Elective, 


Spring  Term. 


*  Fifteen  technical  credits  will  bo  requiroi  for  the  senior  yisar. 
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COURSE  OF  STUDY  FOR  THOSE  WISHING  TO  SPECIALIZE  IN  VOCA- 
TIONAL TEACHING. 

Freshman  and  Sophomore  years  same  as  regular  course. 

JUNIOR  YEAR. 

Required  Work. 

Fall  Term.  Winter  Term.- 

Household  Art4 3(1-4)       Household  Art  2a 5(1-8) 

Costume  Design  Clothing 

Household  Science  3 2(2-0)       Householdf  Science  2 2(2-0) 

House  Management  Home  Nursing 

Household  Science  4 5(2-6)       Chemistry  21a 5(2-6) 

Advanced  Cookery  Physiological 

Physiology  lb 5(3-4)       Education  2a 5(5-0) 

Anatomy  and  Physiology'  Science  of  Education 

Education  1 5(5-  0)  Physical  Training  h 

Phj'schology 
Physical  Training  g 

SPRING  TERM. 

Household  Art  2b 5(1-8) 

Clothing 
Chemistry  21b 5(1-8) ' 

Physiological 
Education  la 5(5-0) 

Home  Economic  Teaching 
Physical  Training  i 

SENIOR  YEAR. 

Fall  Term.                                                         Winter  Term. 
Household  Science  8a 5(3-4)       Household  Science  8b 5(2-  6 

Dietetics                                                             Dietetics 
♦Household  Science  7 5(0-10)       Household  Art  7 5(1-8) 

Problem  Cookerj^  House  Furnishing  and  Decoration. 

Household  Science  9 2 

Practice  Housekeeping  Household  Science  5 5(2  6) 

Education  3a 3  Institutional  Management 

Practice  Teaching  Physical  Training  k 

Drawing  and  Design  9 3(0-6) 

House  Architecture 
Household  Art  5 2(0-6) 

Applied  Design 
t Household  Art  9 :U0  6) 

Millinery 
Physical  Training  j 

Spring  Term. 
HouseholdArt8 5(0-10) 

Advanced  Clothing  • 

tHousehold  Art  9 3(0-6) 

Millinery 
Household  Art  5 2(0-6) 

Applied  Design 
Education  3 5(5-0) 

History  of  Education 


•  Elective  any  term  of  Senior  year. 
t  Elective  either  Pall  or  Spring  Term. 
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I'here  have  been  several  changes  in  the  instructional  force  of  the'di vision 
during  the  year.  Miss  Winifred  S.  Gettemy  was  appointed  head  of  the 
Domestic  Art  Department  to  take  the  place  of  Mrs.  Lillian  L.  Peppard. 
Miss  Gettemy  has  had  special  training  along  the  lines  of  applied  art, 
color  and  design  and  interior  furnishing  and  decoration  andjhas  been  able 
to  develop  this  work  in  a  very  interesting  manner.  A  start  has  been 
made  toward  collecting  permanent  exhibit  materials  for  classes  in  these 
studies.  Miss  Zella  Bigelow,  instructor  in  Domestic  Art,  has  been  on  leave 
of  absence  doing  research  work  for  the  National  Board  for  Vocational 
Education.  Mrs.  Paul  Miller  and  Mrs.  C.  E.  Millar  have  taken  charge  of 
classes  during  her  absence.  Miss  Anna  Bayha  was  added  to  the  staff  of 
the  Domestic  Art  Department  at  the  beginning  of  the  second  term. 

Miss  Hilda  Faust  was  appointed  Assistant  Professor  of  Domestic 
Science  and  given  charge  of  the  work  in  problem  cookery.  A  small  re- 
search laboratory  was  started  in  connection  with  this  work.  This  room 
is  only  partially  equipped,  but  it  is  expected  that  additional  equipment 
will  be  added  each  year  as  the  work  develops.  The  marked  interest 
which  the  young  women  of  the  College  have  shown  in  this  phase  of  the 
work  and  the  excellent  results  obtained  have  been  a  gratification  to  all 
members  of  the  department. 

We  hope  to  start  during  the  next  year  a  laboratory  of  mechanical 
household  devices  to  be  used  by  classes  in  household  and  institutional 
management. 

We  regret  very  much  the  resignation  of  Miss  Edna  Garvin,  Associate 
Professor  of  Domestic  Science,  who  has  served  the  College  so  faithfully 
and  efficiently  during  the  past  four  years.  Recognition  and  words  of  praise 
are  due  Miss  Edith  Casho,  Mrs.  Norma  Gilchrist  Roseboom  and  Miss 
Gettemy  for  the  beautiful  pageant  produced  on  the  campus  at  com- 
mencement time.  Every  one  is  delighted  with  the  progress  which  the 
young  women  have  made  in  swimming  under  the  direction  of  our  new 
instructor  in  Physical  Education,  Miss  Helen  Grimes. 

Miss  Mabel  Williams,  who  has  had  charge  of  the  Senior  House  during 
the  past  two  years,  has  been  called  home,  and  Mrs.  Mildred  Osband  has 
been  appointed  in  her  place.  Mrs.  C.  L.  Lewerenz  has  had  charge  of 
the  young  women  at  Eunomian  House  and  Miss  Springstein  those  at 
Hesperian  House.  These  houses  will  not  be  available  for  girls  during 
the  coming  year,  and  Abbott  Hall  will  again  be  used  for  a  girls'  dormitory. 
Miss  Eudora  Savage  is  to  take  the  place  of  Miss  Annie  Howard  as  Dean  of 
Women. 

It  has  been  a  matter  of  considerable  gratification  that  the  work  of  the 
division  has  been  so  thoroughly  and  completely  carried  out  during  the 
past  year.  My  co-workers  were  untiring  in  their  efforts  to  make  the  year 
the  best  that  young  women  have  known  at  M.  A.  C.  I  desire  to  express 
my  appreciation  of  their  hearty  spirit  of  cooperation  and  faithful  service. 

To  you  also  I  am  indebted  for  your  thoughtful  interest  and  cooperation 
in  developing  the  work  of  the  division. 

Respectfully  submitted, 
MARY  E.  EDMONDS, 

Dean  of  Home  Economics. 
East  Lansing,  June  30,  1919. 
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REPORT   OF   THE   DEAN    OF   THE   VETERINARY   DIVISION. 

President  F.  S.  Kedzie,  Michigan  Agricultural  College. 

Dear  President  Kedzie — I  have  the  honor,  sir,  to  submit  herewith  my 
annual  report  for  the  year  ending  July  1,  1919. 

The  very  unusual  and  disturbed  conditions  incident  to  the  world  war 
had  their  influence  on  college  work  in  no  small  degree.  At  the  very 
opening  of  the  fall  term  students  of  the  Veterinary  Division,  as  was  the 
case  in  other  divisions  of  the  college,  were  enlisted  into  the  Student  Army 
Training  Corps.  At  that  time  fully  eighty  percent  of  upper  class  veterinary 
students  were  already  a  part  of  the  United  States  Military  Organization, 
having  been  inducted  into  the  Medical  Enlisted  Reserve  Corps  during 
December  of  the  previous  college  year  and  from  which  they  were  transfer- 
red in  early  October  to  the  S.  A.  T.  C. 

Because  of  the  large  percentage  of  students  previously  enlisted  in 
various  phases  of  army  service,  enrollment  among  the  upper  classes 
(as  was  anticipated)  last  fall  fell  far  below  preceding  years  characterized  by 
a  steady  increase  in  numbers;  also,  the  freshmen  class  failed  to  reach 
our  anticipations  as  based  upon  the  evident  favorable  opportunities  ap- 
parent in  veterinary  fields  but  which,  like  other  phases  of  college  work 
had  little  influence  in  vocational  selection  during  the  past  year.  Our 
total  enrollment  fell  approximately  50%.  In  spite  of  these  conditions  and 
though  many  of  the  class  of  1919  relinquished  college  work  to  serve  their 
country,  the  number  graduated  in  June  constituted  the  largest  group  of 
young  men  given  the  D.  V.  M.  degree  at  a  commencement  period  since 
the  establishment  of  the  division  in  1910  and  of  the  number  over  one  half 
are  planning  to  enter  general  practice. 

Now  that  conditions  are  slowly  becoming  normal  enlisted  men  rapidly 
being  demobilized  and  veterinary  fields  offering  especially  attractive 
vocational  features  we  should,  with  proper  advertising,  look  for  rapid  in- 
crease in  student  enrollment.  In  this  respect  the  advertising  campaign 
begun  this  year,  though  delayed  in  its  fulfillment,  should  do  much  if 
continued  for  a  few  years  toward  attracting  young  men  to  the  vet- 
erinary medical  course  at  M.  A.  C. 

With  approximately  20%  of  efficiently  qualified  veterinarians  answer- 
ing their  country's  call,  87%  of  the  graduates  of  M.  A.  C.  Veterinary 
Division  entered  military  service  and  many,  with  rank,  pay  and  allowances 
of  commissioned  officers,  saw  service  in  Europe  within  the  Federal  Veterin- 
ary Reserve  Corps. 

The  teaching  schedule  for  the  year  was  severely  jolted  at  the  very  open- 
ing of  the  fall  term.  Under  direction  of  the  Surgeon  General,  United 
States.  War  Department,  whose  office  had  taken  over  dictation  of  all 
phases  of  medical  education  for  enlisted  men,  placed  upon  inactive  lists 
to  complete  their  studies,  our  published  coiu-se  was  altered  to  facilitate 
adherence  to  pre^fcribed  work;  inasmuch  as  the  armistice  was  declared 
prior  to  the  winter  term,  we  were  enabled  to  readjust  a  greater  part  of  the 
work  and  finished  the  year  with  but  slight  deduction  from  regular  courses. 

Though  the^  need  for  properly  qualified  veterinarians  threatened,  in 
fact  did  make' inroads  upon  the  teaching  staff  of  the  division,  the  early 
secession  of  hostilities  made  possible  a  timely  return  and  further  enabled 
augmenting  our  staff  by  the  engagement  of  Lieut.  R.  A.  Rimnells  in  the 
Department  of  Animal  Pathology  at  the  beginning  of  the  present  calendar 
year;  Dr.  Runnells  graduated  from  the  division  in  1916. 
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Russell  Alger  Runnells,  a  1st  Lieutenant  in  the  Veterinary  Corps, 
entered  the  service  July  12th,  1917  and  served  five  months  as  Veterinary 
Ofi&cer  for  the.  Medical  OflScers  Training  Camp,  Ft.  Benj.  Harrison,  Ind.; 
three  weeks  on  duty  at  the  Surgeon  General's  OflSce,  Washington,  D.  C; 
eight  months  at  the  Remount  Depot,  Camp  Meade,  Md.;  four  months  on 
the  staff  at  Veterinary  Officers  Training  Camp,  Camp  Lee,  Va.  He  was 
discharged  from  service  January  6, 1919. 

James  William  Benner,  2nd.  Lieutenant  of  the  Veterinary  Corps  of 
Company  45,  Battalion  12  was  in  the  service  from  August  15,  1918. to 
December  20,  1918.  He  was  quizz-master  of  Medical  Officers  Training 
Corps,  Ft.  Oglethorpe,  Ga. 

Adding  to  the  personnel  of  the  Department  of  Animal  Pathology  made 
it  possible  for  Professor  Hallman  to  devote  a  large  portion  of  his  time  for 
much  needed  research  work  upon  diseases  of  the  reproductive  organs  of 
breeding  cattle;  a  condition  having  now  a  special  significance  incident  to 
the  rehabilitation  period  we  are  now  entering  upon  and  the  demand  for 
meat,  milk,  leather  and  breeding  animals. 

On  January  first  Dr.  Hallman  became  connected  with  the  State  Agricul- 
tural Experimentation  staff,  his  time  and  salary  being  adjusted  to  permit 
of  his  devoting  25-27  of  his  energies  to  the  research  problems  and  2-27  to 
teaching  general  pathology.  This  is  a  start  in  a  field  offering  extensive 
opportunity  for  rendering  valuable  service  to  the  livestoclc  owners  of  the 
state;  a  field  having  many  important  phases  for  research  work  and  animal 
disease  control  problems.  Michigan  with  a  sum  exceeding  $200,000,000; 
iifvested  in  its  farm  animals  is  essentially  a  livestock  state  and  it  is  our 
desire  to  so  augment  the  personnel  of  the  Department  of  Animal  Pathology 
as  to  facilitate  its  carrying  on  a  disease  control  project  and  as  I  recently 
outlined  in  my  annual  communication  referring  to  the  salary  budget  for 
the  next  fiscal  year. 

Research  work  of  this  character  serves  not  only  to  improve  our  know- 
ledge concerning  methods  for  prevention  of  disease;  it  educates  the 
people  on  the  economic  importance  of  disease  and  in  this  will  serve  to 
reduce  the  present  losses;  equally  so,  it  adds  materially  to  the  quality  of 
student  courses  in  the  laboratory  work  of  animal  pathology. '  This  work 
in  laboratory  diagnosis  renders  assistance  to  the  practitioner  helping  to 
bring  him  and  his  profession  closer  to  the  college,  which  he  will  learn  to 
look  upon  as  a  place  to  obtain  assistance,  information,  technical  diagnosis, 
and  advice  in  treating  or  controlling  disease. 

Besides  the  addition  to  the  division  faculty,  we  have  taken  on  during  the 
year  an  extra  veterinarian.  Dr.  A.  McKercher,  practitioner  of  Lansing, 
with  a  view  to  extending  our  clinical  training  for  senior  students.  Each 
afternoon  since  January  first,  two  senior  students  have  been  assigned  to 
this  out-clinic  work  wherein  opportunity  has  been  afforded  actual  contact 
experience  in  general  practice.  While  this  temporary  arrangement  sup- 
plied a  much  needed  feature  and  did  strengthen  the  weakest  phase  of  the 
course,  the  arrangement,  we  believe,  was  not  without  its  shortcomings  and 
can  be  mtich  more  advantageously  developed  from  viewpoint  of  its  utiHty 
to  both  college  and  students.  As  already  recommended  in  my  letter  con- 
cerning personnel  we  feel  a  full  time  veterinarian  ought  to  be  retained  to 
develop  this  out-clinic  in  cooperation  with  an  internal  free  clinic  and 
both  should  be  available  for  educational  purposes  at  all  times. 

Judge  Collingwood  as  on  several  previous  occasions  was  prevailed  upon 
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to  give  a  course  upon  veterinary  jurisprudence;  the  work  was  characterized 
by  its  usual  excellence  and  added  materially  to  the  high  standard  of  the 
veterinary  coiuse. 

While  considering  the  work  of  the  several  departments  I  cannot  em- 
phasize too  strongly  the  fact  that,  though  undertaking  to  provide  an  in- 
crease in  the  animal  pathology  work,  there  still  exists  Umitation  both  in 
•  its  development  in  that  of  the  department  of  veterinary  anatomy  because 
of  inadequate  housing  facilities.  It  is  one  thing  to  establish  and  to  under- 
take to  develop  a  veterinary  college,  to  consistently  equip  the  same  with 
apparatus  or  other  working  tools,  but  we  must  insist  withaJ  that  a  division 
can  be  no  stronger  than  the  weakest  of  its  component  parts;  the  college 
is  stagnating  at  this  moment  for  need  of  a  suitable  building  to  house  these 
allied  departments. 

The  division  at  this  writing  has  as  component  parts  departments  of 
medicine,  animal  pathology,  veterinary  anatomy  and  surgery;  we  are 
convinced  that  for  eflScient  teaching  on  the  related  subjects  of  veterinary 
physiology,  materia  medica,  poisons  and  treatment  of  disease  these  sub- 
jects should  be  included  under  the  direction  of  one  head,  trained  in 
veterinary  physiology  and  the  physiologic,  toxicologic  and  therapeutic 
relations  of  medical  material  to  animal  medicine.  To  carry  this  to  frui- 
tion we  recommend  creating  within  the  division  a  department  of  veterinary 
physiology  and  pharmacology  and  appointment  of  veterinary  physiologist 
to  develop  this  work.  Jhis  suggestion  like  the  preceeding  is  urged  at  this 
time  because  of  our  knowledge  of  increasing  responsibilities  coming  to 
State  colleges.  • 

The  progress  in  the  science  of  veterinary  medicine  has  been  characterized 
by  a  steady  demand  for  an  increase  of  the  basic  entrance  preparation  and 
an  increase  in  the  length  of  the  course  of  study.  Though  this  institution 
has  consistently  maintained  a  fifteen  unit  entrance  requirement  and  out- 
lined work  covering  four  years,  it  has  been  in  a  class  by  itself;  it  is  only 
within  the  past  two  years  that  all  veterinary  colleges  were  placed  upon  a 
four  year  basis.  Many  of  the  former  privately  owned  veterinary 
schools  forced  into  a  period  of  depression  by  this  extended  course  re- 
quirements'are  now  obliged  to  discontinue  as  a  result  of  the  recent  war 
and  elevation  of  entrance  requirements  as  demanded  both  by  the  eligibility 
requirements  of  the  American  Veterinary  Medical  Association;  the  War 
Department  of  the  Department  of  Agriculture;  others  are  seriously  con- 
sidering this  step  and  the  State  controlled  schools  will  find  it  incumbent 
upon  them  to  supply  the  future  essential  veterinary  material. 

At  this  time  it  is  fitting  to  make-public  acknowledgement  and  expressions 
of  appreciation  of  the  gift  of  Dr.  T.  G.  Himbaugh,  a  former  graduate  of 
the  Agricultural  Division  of  this  college,  of  his  entire  veterinary  library. 
The  volume  constitutes  a  fitting  nucleus  for  a  future  veterinary  library 
in  the  veterinary  division  and  one  we  would  suggest  be  called  the  Him- 
baugh Veterinary  Library;  may  hope  to  see  it  added  to  and  made  available 
and  valuable  at  all  times  for  student  use. 

Besides  the  most  eflScient  and  appreciated  work  incident  to  training 
veterinary  students,  members  of  the  veterinary  faculty  have  engaged 
themselves  with  instruction  to  both  groups  of  short  course  students  in 
agriculture,  to  the  junior  and  senior  classes  in  the  four  year 
agricultural  course;  in  summer  school  and  one  farrier  school  unit  assigned 
to  this  institution  by  the  United  States  War  Department  for  instruction 
n  shoeing  an  equine  anatomy.   A  second  unit  was  scheduled  for  Noyember 
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15th  but  called  off  at  the  time  of  the  armistice.  The  Department  of  the 
division  took  part  in  the  exhibit  prepared  during  the  winter  for  Farmers' 
week;  have  sent  representatives  to  institutes  and  other  gatherings  of  stock 
owners,  and,  as  heretofore,  continued  the  rather  extensive  correspondence 
with  stock  owners,  county  agents  and  others;  a  most  important  and  time 
consuming  item  but  one  weU  worth  the  attention  given  it. 

In  closing  permit  me  to  summarize  recommendations  herein  embodied: 

1.  Engagement  of  an  all  time  veterinarian  to  develop  and  direct  an 
out-clinic  for  here  as  with  instruction  in  anatomy  and  pathology,  we  must 
give  the  men  such  teaching  as  to  enable  them  to  acquire  knowledge  of 
the  diseases  themselves. 

2.  The  development  of  a  department  of  veterinary  physiology  and 
pharmacology. 

3.  Addition  of  an  extension  man  in  animal  pathology. 

4.  A  sum  immediately  available  of  $50,000  for  the  erection  of  a 
laboratory  suitable  for  the  relative  work  of  veterinary  anatomy  and  animal 
pathology. 

Respectfully  submitted, 
RICHARD  P.  LYMAN, 
Dean  of  Veterinary  Medicine. 
East  Lansing,  June  30,  1919. 

REPORT  OF  THE  DEPARTMENT  OF  ANIMAL  PATHOLOGY. 

President  F.  S.  Kedzie,  College. 

Dear  Mr.  Kedzie — I  herewith  submit  report   of   the  Department  of 
Animal  Pathology  for  the  year  ending  June  30,  1919. 
The  class  work  for  the  following  year  is  as  follows: 

Pathology  1 Fall  term 10  hours  week . .  21  studemts. 

Pathology  2a . . .  Fall  term ....   5  hours  week . .  15  students. 

Pathology  2b. .  .  Spring  term. .  4  hours  week. .  15  students. 

Pathology  3 . . . .  Spring  term. .  5  hours  week . .  15  students. 

Vet.  Sci.  short  course  8  wks.. . .  10  hours  week. .  21  students. 

Pathology  100  Graduate  course,  major 1  student. 

The  department  was  unfortunate  in  losing  the  services  of  Dr.  D.  J. 
Lamoureaux  whose  untimely  death  occurred  February  27th  following  an 
attack  of  influenza.  Dr.  Lamoureaux  was  devoting  one-half  his  time  to 
abortion  investigations  and  one  half  to  college  work  and  the  loss  of 
his  services  was  keenly  felt. 

Dr.  R.  A.  Runnells  was  added  to  the  force  January  12th.  Dr.  Runnells 
is  devoting  his  entire  time  to  instruction  work  and  the  routine  examination 
of  tissues  in  autopsy  work,  thereby  enabling  the  writer  to  devote  the 
major  part  of  his  time  to  investigational  work.  Before  Dr.  Runnells  was 
added  to  the  staff  the  writer's  time  was  almost  wholly  taken  up  with  in- 
struction work  and  routine  laboratory  work  and  very  little  time  was  avail- 
able for  investigational  work. 

However,  it  is  gratifying  to  note  that  something  has  been  accomplished 
with  reference  to  his  researches  in  the  nature  of  treatment  in  the  sterility 
in  cattle.  It  has  been  the  writer's  privilege  to  meet  with  groups  of 
veterinarians  in  various  parts  of  the  state  during  the  past  year  and  to 
lecture  and  demonstrate  the  treatment  for  the  sterility  in  cattle.  He 
has  also  visited  four  other  states  pnd  Canada  to  meet  with  their  state 
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veterinary  associations  to  discuss  and  demonstrate  this  work.     During 

the  past  year  five  manuscripts  with  reference  to  abortion  and  sterility 

have  been  prepared  for  publication. 

During  the  year  we  have  performed  autopsies  on  228  animals.    Among 

these  we  have  recorded  the  following: 

Post  mortem 

Intususception  of  small  intestine,  horse 1 

Traumatic  gastritis,  cow 1 

Traumatic  abscess  (Hilum  of  liver),  cow 1 

Gastro-enteritis,  calf 1 

Omphalo-phlebitis,  calf. . : •. . . .   1 

Acute  gastro-intestinal  intoxication,  calf 2 

Strangulated  Umbilical  hernia,  calf 1 

Lobar  pneumonia,  calf 2 

Forage  poisoning,  calf 1 

Intestinal  helminthiasis,  sheep 3 

Abscess  of  medulla,  sheep 1 

Forage  poisoning,  sheep 1 

Lobar  pneumonia,  sheep. 1 

Abscess  of  cerebrum,  sheep 1 

Necrobacillosis,  lamb 1 

Acute  enteritis,  lamb 1 

Diagnosis  not  made,  sheep 1 

Intestinal  Helminthiasis,  hog 3 

Pneumonia,  hog. 6 

Acute  pericarditis  and  pleuritis,  hog 1 

Hog  cholera,  hog 3 

Cirrbosis  Edema  of  lungs,  hog 1 

Caseous  pneumonia,  hog , » 1 

Septicemia,  hog 2 

Acute  gastro-intestinal  intoxication,  hog 4 

Diagnosis  not  made,  hog 1 

Post  mortem 1 

Occlusion  of  bowels,  dog 1 

Acute  stomactitis  and  pharyngitis,  dog 1 

Catarrhal  gastro-enteritis,  acute  pancreatitis,  dog 1 

Canine  distemper,  dog 1 

Uncinariasis,  dog 1 

Tuberculosis,  chicken 20 

Dietary  trouble,  chicken 1 

Diphtheria,  chicken 6 

Alveolar  sarcoma  (ovary  and  oviduct),  chicken 1 

Coccidosis,  chicken 8 

Ulcerative  pharyngitis,  chicken 1 

Sarcoma  (pancreas),  chicken 1 

Intestinal  helminthiasis,  chicken 2 

Acute  hepatitis,  chicken 5 

Fibrinous  peritonitis,  chicken 1 

Sarcoma  (metastatic),  chicken 1 

Catarrhal  enteritis  (Guinea  hen) 1 

White  diarrhea,  chicken 6 

Rupture  of  oviduct,  chicken 1 

Burated  egg  in  oviduct,  chicken 1 
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Sarcoma  (kidney  and  liver)  chicken 1 

Sarcoma  (intestines  and  ovary)  chicken 1 

Diagnosis  unmade 4 

Ruptured  stomach,  raibbit >   1 

Coccidiosis,  rabbit 2 

Mange,  Sarcoptic,  squirrel 1 

Prairie  dog,  acute  indigestion 1 

We  have  received  120  specimens  from  diseased  animals  forwarded  by 
veterinarians  and  farmers.  On  account  of  poor  packing  and  improper 
methods  of  preparation  much  of  this  tissue  reaches  us  in  such  a  condition 
that  a  diagnosis  cannot  be  made.  Out  of  this  material  we  have  recorded 
the  following  cases. 

Tissue  Examined. 

Carcinoma  of  membrane  nictitans,  horse 1 

Strongylosis,  horse 1 

Forage  poisoning,  horse 1 

Fibroma,  (leg)  horse 1 

Carcinoma,  (tail)  horse 1 

Chr.  myositis,  (shoulder)  horse 1 

Mange,  horse 1 

Test  for  hydrocyanic  acid,  cow,  negative 1 

Hemorrhagic  septicemia,  cow,  negative 6 

Hemorrhagic  septicemia,  cow,  positive 6 

Sarcoma  of  lung,  cow 1 

Tuberculosis,  cow,  negative 3 

Tuberculosis,  cow,  positive 1 

Tissue  Examinations. 

Pneumonia,  cow 2 

Black  leg,  cow,  negative 1 

Black  leg,  cow,  positive 1 

Suffocation,  cow 1 

Suppurative  mastitis,  cow 1 

Necrobacillosis,  (liver)  cow 1 

Suppurative  dermatitis,  cow 1 

Actinomycosis,  cow 3 

Lipo-fibroma,  cow 1 

Ring  worm,  cow,  negative 1 

Ulcerative  stomatitis,  cow .* . .  1 

Melano,  sarcoma,  cow 1 

•    Taeniasis,  sheep 1 

Nodule  disease,  sheep 1 

Scabies,  sheep 1 

Intestinal  helmithiasis,  sheep 1 

Tuberculosis,  hog 1 

Verminous  pneumonia,  hog 2 

Hog  cholera,  hog,  positive 1 

Gastritis,  hog 1 

Pneumonia,  hog 3 

Fibro-sarcoma,  (neck),  hog 1 

Fibroma,  (leg)  hog 1 

Caseous  pneumonia,  hog 1 
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Sarcoma  (pleura)  hog 

Nodule  disease,  hog 

Rabies,  dog,  negative 

Carcinoma,  (mammary  gland)  dog 

.  Adeno-carcinoma,  (mammary  gland)  dog 

Demodex  mange,  dog,  positive 

Demodex  mange,  dog,  negative 

Abcess  of  head,  chicken 

Tuberculosis,  chicken 6 

Yours  very  truly, 

E.  T.  HALLMAN, 
Professor  of  Animal  Pathology, 
East  Lansing,  June  30,  1919. 


REPORT  OF  THE  DEPARTMENT  OF  ANATOMY. 

F.  S.  Kedzie,  President,  Michigan  Agricultural  College. 

Dear  Sir — I  herewith  submit  the  fourth  annual  report  of  the  Depart- 
ment of  Anatomy  for  1918-19. 

As  usual  the  work  of  the  department  has  been  largely  that  of  teaching 
and  while  classes  have  been  smaller  in  numbers  they  have  also  entailed 
greater  irregularities,  these  conditions  are  largely  due  to  the  reaction  of 
our  participation  in  the  war  especially  that  of  the  Student  Army  Training 
Corps. 

The  irregularities  caused  by  men  leaving  and  returning  both  in  the 
National  army  and  the  S.  A.  T.  C.  we  have  gratefully  accepted  this  in- 
convenience as  some  of  our  part  in  the  gr^at  war,  also  as  supply  instructors 
in  other  lines  of  work  due  to  the  absence  of  Dr.  Benner  and  sickness 
among  the  faculty. 

The  following  table  is  self-explanatory  and  shows  the  distribution  of 
instruction   only: 


Subject. 


Hummer  School.  1918: 

Anatomy  la 

Anatomy  lb 

Anatomy  Ic 

Anatomy  2a 

Anatomy  2b 

6  weeks. 

Horeeshoere  School,  1918: 

Hippology 

Accompanying  detachment  to  constabulary 
6  weeks. 

Fall  Term.  1918: 

Anatomy  la 

Anatomy  2a 

Anatomy  4 

Surgery  1 

11  weeks. 


No.  of 
students. 


CrcdiU. 


Lectures. 


Laborat'y 


72 
72 
108 
108 
108 


Total 

teaching 

hours. 


96 
84 
120 
120 
120 


24 
24 


88 

UO 

55 
44 
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Subject 

No.  of 
Students. 

Credita. 

Lectarei. 

Laboraty 

TodJ 
teaching 
boon. 

Winter  Term.  1919: 

An^Uway  le ,  ,  -  ■                         

1 

1 
8 
11 
13 
4 

4 

4 
3 
4 
4 
3 

11 
11 
11 
11 
22 
11 

99 
99 
66 
99 
66 
66 

110 

Aiiftto»ny  2ft , 

110 

Anatomy  lb 

77 

Anatomy  2b 

110 

Anatomy  3a 

88 

Anatomy  2c 

77 

U  weeks. 

^ng  Term.  1919: 
Anatomy  Ic 

8 
8 
2 
6 

4 
3 
4 

4 

11 
11 
22 
22 

99 
66 
66 
66 

110 

Anatomy  2c 

77 

Ajiatomy  3b,  Soc.  1 

88 

Ajiatomy  3b,  Sec.  2 

88 

11  weeks. 

Gnmd  Total 

176 

69 

270 

1.560 

1,820 

This  year  two  women  have  taken  Anatomy  la  and  lb  (Histology). 
The  department  approved  of  opening  this  course  as  an  elective  to  the 
women  of  the  Home  Economics  Division  especially  those  students  plan- 
ning to  go  into  health  work  or  teaching  physiology  in  the  public  schools. 

Dr.  Johnson  has  utilized  most  of  his  forenoons  during  the  winter 
and  spring  terms  in  laboratory  technique,  making  slides  for  class  work. 
Also  Mr.  Dwyer  has  been  employed  215  hours  on  the  above  work. 

Following  the  trend  of  veterinary  medicine  which  is  now  of  a  more 
comparative  nature,  more  attention  should  be  given  to  comparative 
study.  This  line  of  work  we  have  well  developed  in  gross  anatomy 
but  not  so  well  in  microscopic  anatomy  since  a  great  amount  of  time 
is  necessary  in  making  slides  of  all  tissues  and  organs  of  all  our  domestic 
animals,  much  time  is  needed  to  develop  a  comparative  text  covering  the 
microscopic  work  for  the  students  use. 

In  former  reports  attention  has  been  called  to  the  inadequate  quarters 
for  housing  the  anatomy  department,  the  condition  still  exists  while  the 
need  is  growing  upon  us,  with  the  evolution  of  veterinary  medicine,  more 
attention  being  given  to  the  food  animals.  We  find  the  procuring  of 
dissection  material  becoming  very  difficult,  thus  adequate  quarters  for 
a  comparative  museum  for  the  preservation  of  permanent  dissections  and 
models  and  storage  for  dissection  material  that  we  may  have  it  when 
needed  and  proper  room,  student  and  private  to  carry  on  the  work  are 
essential  to  the  full  accomplishment  of  the  anatomy  department. 

I  have  called  your  attention  to  the  efficient  manner  that  Dr.  H.  E.  John- 
son has  rendered  his  services  to  the  department  and  veterinary  division 
in  a  recent  letter  on  personnel.    I  recommend  that  he  be  retained. 

Yours  very  truly, 
P.  W.  CHAMBERLAIN, 

Professor  of  Anatomy. 
East  Lansing,  June  30,  1919. 
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REPORT  OF  THE  DEPARTMENT  OF  SURGERY  AND  CLINIC. 

President  Frank  S.  Kedzie,  M.  A.  C. 

Dear  Mr.  President — I  hereby  submit  my  second  annual  report  of  the 
Department  of  Surgery  and  Clinic  for  the  fiscal  year  ending  June  30,  1919. 
The  recitation  and  laboratory  work  has  been  entirely  handled  by  myself 
except  four  laboratory  hours  in  Surgery  1,  fall  term,  which  was  handled 
by  Dr.  Chamberlain  and  Dr.  Johnson. 

The  instruction  work  for  the  year  is  given  in  the  following  table. 

TEACfflNG  WORK  OF  DEPARTMENT. 


0 

Fall  Term.  1918 

Winter  Term,  1919. 

Spring  Term,  1919. 

Summe  rSchool,  1918. 

Subject. 

1. 

1 
Ik 

.•8 

1 

J. 

J 

1 

1^ 

1 

li 
1' 

1 

1. 

1' 

1 

Surgery  1 

4 

4 

•18 

...... 

Surgery  2  . 



2 

14' 

4 

2 

18 

Cli^L 

15 

13 

Clinie4b 

15 

11 

Clinic  4c 

15 

18 

Clinic  4d 

15 

14 

' 

Clinic  4e 

15 



14 

SurgeryS 



3 

4 

18 
15 

Surgery  6 

' 

3 

4 

25 

Total 

8 

21 

54 

7 

80 

60 

2 

30 

39 

3 

4 

25 

Below  is  atabulated  report  of  the  surgical  clinics  for  large  and  small  animals  treated  {rom  October  1. 1918  to  June  14, 1919. 


Name  of  disease. 

1 

« 

3 

1 

1 

1 

i 

^ 

s 

1 

Abortion            

1 
9 
3 

3 
17 

3 

Abeceas 

..    2 

1 

1 

30 

Arthritis,  infectious          

3 

Amputation  of  tail 

8 

■ 

8 

Bull-ringing    -,r 

1 

1 

Bone  ^Mtvin 

14 
1 

34 
6 

7 
2 

14 

BruiseoBole 

1 

Castration,  simple           

1 

10 

10 

55 

Castrtion,  cr3i)torchid 

6 

Contusion , 

1 

1 

2 

11 

Choke 

..      2 

Conjunotivitii*      . 

1 

1 

Cttutis 

1 
1 

1 

Curb 

. 

1 

Cervicitis 

6 

1- 
16 
48 

6 

Deoderiied 

Skunk. 
8 

1 

Dystokia 

6 

1 

2 

33 

Dehorning 

48 

Deoayedtoeth 

' 

2 
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Names  of  diicase. 

1 

1 

1 

1 

1 

1 

1 

i 

4 

5 

9 

Fftrtrimrinin^ ,,, 

13 

13 

FmminAtloii  for  pr*gp»ftiicy 

2 

Kpistaxis           '"....' ... 

1 

1 
1 

1 

Edema  of  the  sheath 

Empyema  of  maxillary  sinuses 

Fhustoreofthe  radius 

Fracture  of  the  femur 

1 

1 

Fistula,  simu 

5 

1 

1 
1 

Fistula,  bone 

Fistula,  teat 

Gonitis 

1 
1 
2 

Gdter.fibrous 

1 

Gin^yitis 

Hogeholera  vaocination 

236 

236 

Ffmatinna 

8 

1 
1 

Hernia,  umbilical 

Honiai  ventral 

1 
2 

Hiplameness 

1 

1 

2 

ImpaetioD  of  thecrop 

2 

2 

Keratitis 

2 

2 
3 

1 

2 

2 

6 

Laminitis,  chronic 

2 

LaminitisiacutA , , 

3 

Metritis 

12 
31 

13 

Mastitis 

31 

MuBcleatrc^hy 

4 

12 
14 

4 

4 

Nail  in  the  foot 

1 

13 

Naviffllar  hm^m 

14 

Ovariotomy 

74 
2 

15 

93 

Otitis 

2 

Panaritium,  int«rdieit*l 

18 

18 

Pervious  urachus 

3 

3 

Parturient  pareais 

10 
3 

1 

10 

Pyomeire 

3 

Ptolapeeof  utenie 

1 

Pollevil 

1 

2 
9 
6 

4 

11 
54 

1 

Retaines  placenta 

35 

. 

37 

Ring^KHK^.'. 

9 

Roarer 

6 

Strine*****^  , 

4 

Seratoherf 

11 

ffharpandii'r^il^t'^th 

54 

Sterility 7 

4 

4 

Sidebone 

.    5 

5 

Stricture,  teat 

0 

6 

Shoulder  lamenem 

5 
2 
6 

4 
1 
2 

3 
14 
8 
3 

7 
4 
1 
8 

1 
3 

1 

5 

Snfiinoid  lain<^-nefls , 

2 

6 

Splint 

4 

Sand  crack 

1 

Shoe  boil 

2 

3 

Thoroui^pui 

14 

Tumorsloiwrat^blti 

2 
2 

2 

3 
2 

15 

Tn^vMwn.inoperatable 

7 

7 

ThTMh .*. 

4 

1 

TfndhntiH 

8 

Upward  luxation  of  the  patella 

1 

Urethral  calculi ". 

3 

VaginH»«        .     . . 

5 

1 

2 

8 

1 

1 
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Names  of  diBeaac. 

1 

o 

1 

1 

1 

6 

1 

1 

Wound.lacented 

22 
17 
22 
4 
10 

10 

2 

3 
3 
2 
3 

1 

38 

WouDd,  purchn* ,.......,.,,,.,.  r .,,..,..... . 

20 

Wound,  contufled 

3 
2 

27 

Wound,  incised 

1 

10 

Wolf-tooth  eztractioD 

10 

Total 

401 

255 

249 

i 

134 

28 

4 

1,075 

Below  is  a  tabulated  report  of  the  me(UcaI  clinics  for  large  and  small  animals  treated  from  October  1, 1918  to  Juce  14, 1919 


Names  of  disease. 

1 

i 

1 

1 

1 

1 

S 

1 

Alopecia 

1 

1 

2 

Asoturia 

35 



35 

Actinomycosis 

3  . 

3 

2 

1 

9 
20 
21 

1 

24 

26 

Bronchitis 

3  . 

2 

6 

Colic,  Tympani<^ 

9 

Ck>lic,impaction 

20 

OnlicBDonmodic    .             

21 

Colio.intussusception 

1 

Constii^tion 

5 

8 

13 

(Tontagious  Rhinitis , 

2 

2 

Chronic gastn>-intntiona1''4)tarrh . . . 

29 

29 

Coccidio6is,intestii>al 

2 

2 

Chorea 

2 

44 

3 

2 

Distemper , , . . 

1 

45 

Ecsema 

4 

7 

Enteritis 

1 
1 

1 

4 

10 

2 



16 

Qastro-intestinallntoxication 

1 

Ging  vitis 

1 

1 

Gastro-enteritis 

2 

1 

3 

Hydrocephalus                  

2 
2 
3 

1 

2 

Heatstroke 

2 

Heaves 

3 

Helminthiasis 

44 

10 

3 

14 

Impaction  of  rumen  and  intestines 

44 

Influensa. .                                          

38 

11 
U 

^ 

38 

T/ymphangitis  ,                  

11 

laryngitis. 

11 

Lumbar  Pualysis .* 

1 

1 

2 

1 

3 

M^ngA.  <lmnnHPT 

6 

2 
2 

1 

6 

Neuritis 

2 

Pneumonia 

3 

7 

1 

13 

Pharangitis 



1 

Purpura  Hemorrhagica , 

1 
3 
2 
6 

1 

PerfodicOpthalmia. 

3 

Polyuria 

2 

Phthiriasis    

4 

2 

• 
1 

10 

Herpes  Tonsurans 

2 

KhAnnvkiifini  , , ,       , 

1 

Rhinitis 

G 

1 

gtmnp1«^  , 

6 

Strychnine  Poimmi 

2 

1 

Stcmiatitis 

J 

;{ 

Stomach  Worms 

44 

44 
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Names  of  di8o:a3. 

1 

i 

1 

1 

1 

1 

1 

1 

i 

1 

Tympanitis 

5 
6 
3 

298 

5 

TraiUDfttisPoricarditifi 

6 

Tuberculoeia 

3 

Tuberealintest 

208 

Urticaria 

2 

2 

Vertigo 

1 

• 

1 

Totol 

222 

410 

17 

47 

81 

4 

2 

2 

785 

You  will  note  from  the  tabulated  report  of  the  medical  and  surgical 
clinic  for  large  and  small  animals,  that  the  amount  and  variety  of  clinic 
has  been  far  greater  than  we  have  ever  had  before.  This  increase  is  due 
in  great  part  to  the  fact  that  the  services  of  Dr.  A.  McKercher,  were  se- 
cured on  January  1st,  to  conduct  an  ambulatory  or  outside  clinic. 

This  ambulatory  or  outside  clinic  while  entered  into  as  an  experiment 
has  proven  a  very  great  success.  Last  year  the  total  number  of  medical 
and  surgical  cases  treated  in  the  clinic  was  698.  This  year  the  total  num- 
ber of  medical  and  surgical  cases  treated  is  1,860,  a  total  increase  over 
last  year  of  1,162  cases. 

The  outside  clinic  is  a  very  valuable  addition  to  the  course  of  instruction 
in  veterinary  training.  Here  the  student  not  only  comes  in  contact 
with  a  much  greater  number  and  variety  of  cases,  but  he  also  learns  how 
to  meet  and  handle  people,  which  is  a  very  important  thing  to  know  in 
order  to  make  a  success  as  a  practitioner,  or  in  any  other  line  of  work  which 
he  may  take  up  after  completing  his  course  in  college. 

I  sincerely  hope  and  want  to  urgently  request  that  arrangements  be 
made  whereby  the  services  of  Dr.  McKercher  will  be  retained  to  conduct 
an  outside  clinic  for  the  next  school  year. 

Respectfully  submitted, 

J.  P.  HUTTON, 
Associate  Professor  Surgery  and  Clinic. 
East  Lansing,  June  30,  1919. 

REPORT  OF  THE  DEPARTMENT  OF  BACTERIOLOGY. 

President  F.  S.  Kedzie, 

Dear  Sir— As  we  make  our  annual  report  to  you  this  year,  it  is  with 
a  deep  sense  of  gratitude  that  the  department  feels  its  share  in  the  joy 
that  has  come  to  us  all  through  the  termination  of  the  world's  strife.  It 
seems  hardly  possible  that  we  are  now  nearly  back  again  on  a  pre-war 
basis  after  experiencing  such  a  complete  involvement  in  the  country's  de- 
mands for  men.  From  our  staff  during  the  war,  we  furnished  men  as  fol- 
lows: 

H.  F.  Stafseth,  1st  Lieutenant,  V.  C,  Camp  Custer. 

J.  Frank  Morgan,  1st  Lieutenant,  S.  C,  A.  E.  F. 

L.  H.  Cooledge,  1st  Sergeant,  S.  C,  A.  E.  F. 

I.  F.  Huddleson,  1st  Lieutenant,  S.  C,  A.  E.  F. 

C.  G.  Nobles,  2nd  Lieutenant,  S.  C. 

F.  W.  Fabian,  2nd  Lieutenant,  S.  C. 
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Robert  L.  Tweed,  Private,  M.  C. 

Gerard  Dikmans,  Private,  S.  A.  T.  C. 

L.  R.  Jones,  Red  Cross  and  U.  S.  Public  Health  Service  Extra  Con- 

tonment  Sanit'ary  work. 

C.  W.  Brown  resigned  to  enter  practical  agriculture  and  Robert  Penner 
experienced  caretaker,  died  in  the  spring  of  1918,  probably  of  influenza. 
Also  we  lost  by  death  from  influenza,  Dr.  D.  J.  Lamoureaux,  who  was 
assisting  in  the  laboratory  temporarily  on  account  of  the  loss  of  our  re- 
search men  to  the  army. 

Dr.  Stafseth,  Mr.  Cooledge,  Mr.  Fabian  and  Mr.  Dikman  have  re- 
turned and  have  resumed  their  duties.  Mr.  Nobles  returned  in  January 
and  resigned  April  first  to  engage  in  farming  in  New  York  State.  We 
have  engaged  Robert  Snyder,  Ph.  D.,  (Cornell)  (B.  S.,  M.  A.  C.  '14)  to 
take  up  the  work  with  nodule-forming  bacteria  formerly  carried  on  by 
Mr.  Nobles.  During  the  war.  Dr.  Snyder  was  in  the  Medical  Corps  of 
the  army  stationed  at  the  Army  Medical  School,  Washington,  D.  C, 
engaged  in  the  manufacture  of  vaccines  for  soldiers. 

A  record  of  the  activities  men  who  served  follows: 

H.  F.  Stafseth:  Drafted  into  the  national  army  November  21,  1917; 
began  active  service  in  Supply  Company,  329th  Field  Artillery,  November 
22,  1917;  transferred  to  Veterinary  Corps,  85th  Division  Headquarters 
Detachment  December  5,  1917;  promoted  to  Sergeant  1st  class,  March  1, 
1918;  transferred  by  own  request  with  Remount  Depot  No.  320  May  15, 
1918;  promoted  to  Second  Lieutenant,  V.  C,  July  2,  1918;  ordered  to 
duty  as  assistant  veterinarian  at  A.  R.  D.  No.  320  July  9,  1918;  promoted 
to  First  Lieutenant  September  26,' 1918;  honorably  discharged  February 
8,  1919. 

J.  Frank  Morgan:  Commissioned  First  Lieutenant  S.  C,  February, 
1918;  reported  to  Fort  Leavenworth,  Kansas  and  later  to  Camp  Kearney, 
Cal.;  went  overseas  with  the  Sanitary  Corps  in  October;  attached  as 
instructor  to  A.  E.  F.  University  at  Beaune,  France;  at  present  casual 
officer,  S.  C,  St.  Argnan,  France. 

L.  H.  Cooledge:  EnUsted  in  Medical  Department  U.  S.  Army,  February 
4,  1918;  assigned  to  Base  Hospital  Laboratory,  Camp  Greenleaf,  Fort 
Oglethorpe,  Ga.  for  training;  ordered  to  Camp  Gordan,  Ga.,  June  1^  1918 
for  duty  with  Base  Hospital  52;  ordered  overseas  July  1,  1918  with  Base 
Hospital  52;  senior  non-commissioned  officer  laboratory.  Base  Hospital 
52  until  discharged  from  service  May  14,  1919.  Stationed  at  Rimecourt, 
Haute  Marne,  France. 

/.  F.  Huddleson:  During  October  and  November  1917  in  Red  Cross 
laboratory  work  at  Manhattan,  Kansas;  in  February  1918,  enlisted  in 
Sanitary  Corps  of  national  army;  stationed  at  Camp  Greenleaf,  Fort 
Oglethorpe,  Ga.,  until  July  when  he  was  commissioned  Second  Lieu- 
tenant, S.  C;  transferred  to  Rockefeller  Institute,  New  York  City  and 
then  to  Camp  Crane  Allentown,  Pennsylvania  September  27;  went  over- 
seas October  27,  attached  to  Evac.  Hosp.  37,  A.  E.  F.;  after  the  armis- 
tice he  was  in  Coblenz  engaged  in  guarding  the  water  supply;  commis- 
sioned in  1919,  First  Lieutenant;  still  overseas  with  the  army  of 
occupation. 

C.  G.  Nobles:  Enlisted  in  the  Sanitary  Corps  June  1918.  Stationed 
at  Camp  Leavenworth,   Kansas  and  later  at  Yale  Army  Laboratory 
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School,  New  Haven,  Connecticut;  commissioned  Second  Lieutenant 
November  1918;  discharged  from  service  January,  1919. 

F.  W,  Fabian:  Commissioned  Second  Lieutenant,  Sanitary  Corps, 
September  12,  1918;  reported  for  duty  at  Yale  Army  Laboratory  School, 
New  Haven,  Connecticut,  September  22,  1918;  on  duty  at  Yale  Army 
Laboratory  School,  New  Haven,  Connecticut  from  September  22  to 
November  12,  1918;  ordered  to  Camp  Crane,  November  12, 1918; on  duty 
Camp  Crane,  Allentown,  Pennsylvania,  from  November  12  to  December 
18,  1918;  discharged  from  service  December  18,  1918. 

Robert  L.  Tweed:  Enlisted  in  Medical  Corps  December  1917;  stationed 
at  Camp  Lewis,  Washington,  D.  C;  attended  Officer's  Training  School  but 
discharged  for  physical  disability;  now  in  Department  of  Publicity, 
Surgeon's  Office,  Washington,  D.  C. 

Gerard  Dikmans:  Enlisted  in  the  M.  E.  R.  C.  December  22,  1917; 
remained  on  in  active  duty  until  October  10,  1918;  transferred  to  S.  A.  T. 
C.  on  OctoberlO,  1918;  discharged  on  December  21,  1918. 

We  who  were  not  fortunate  enough  to  get  into  the  big  work  at  or  near 
the  front  played  our  little  part  at  home.  Miss  Northrup,  Mr.  Reuhle  and 
Dr.  Hallman  maintained  the  research  problems  unselfishly  and  productive- 
ly and  they  were  always  alert  to  turn  from  their  investigations  to  assist 
in  the  matters  of  current  and  immediate  need.  Mr.  Mailman  did  double 
service  in  maintaining  the  laboratory  courses  and  in  otherwise  making 
the  absence  of  his  associates  less  destructive  to  the  departmental  pro- 
gram. During  the  summer  and  fall  terms  we  had  with  us  Lieutenant  S.  N. 
Lord,  three  years  with  the  Canadian  army  in  France  and  in  British  Hos- 
pitals. He  assisted  greatly  in  maintaining  the  courses  in  pathogenic  bacter- 
iology and  also  in  the  supervision  of  a  diagnostic  laboratory  for  the  S. 
A.  T.  C.  during  the  influenza  epidemic  of  the  fall  term.  During  this  epi- 
demic, we  virtually  turned  our  resourses  over  to  the  army  medical  de- 
partment, supplying  hospital  facilities  to  our  limited  ability,  laboratory 
diagnostics  and  mortuary. 

We  also  participated  in  the  instructional  work  of  the  S.  A.  T.  C.  teaching 
Military  Hygiene.  In  spite  of  the  great  drain  made  upon  our  student 
body  by  war  activities,  our  force  of  instructors  was  kept  more  than  busy. 
The  following  is  a  summary  of  the  number  of  students  taking  the  various 
courses: 

Summer  Term  1918..  • 

Bacteriology  1 •. .  .Ward  Giltner 1.3  students. 

Bacteriology  lb Ward  Giltner, . .  1  " 

Bacteriology  2 W.  L.  Mallmann 15  *' 

Bacteriology  3 Zae  Northrup 7  " 

Bacteriology  4 Zae  Northrup 1  '* 

Bacteriology  13 Ward  Giltner 3 

Bacteriology  14 Ward  Giltner 5  *' 

Bacteriology  19 S.  N.  Lord 14 

Bacteriology  102 Zae  Northrup 1  " 

Bacteriology  103 Zae  Northrup 1  '* 

Bacteriology  105 E.  T.  Halhnan 1 

Fall  Term  1918. 

S.  A.  T.  C Ward  GUtner 173 

Military  Hygiene 

Bacteriology  1 Ward  Giltner 69        " 

Bacteriology  la . . Ward  Giltner 12        " 

Bacteriology  2 W.  L.  Mallmann 16        ** 
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45  students 

35 

80 

15 

15 

19 

5 

5 

3 

1 

2 

1 

25  students 

60 

• 

M  SI^ATB  BOARD  OF  AGRIOtJLTtftB. 

Bacteriology  3 R.  P.  Hibbard 28 

Bacteriology  4 W.  L.  Mallmann 8 

Bacteriology  13 Ward  Giltner 6 

Bacteriology  14 Ward  Giltner 1 

Bacteriology  19 S.  N.  Lord 10 

Bacteriology  102 Zae  Northrup 1 

Winter  Term  1919. 

Bacteriology  la Ward  GUtner 

Bacteriology  lb Ward  Giltner 

Bacteriology  2 W.  L.  MaUmann 

Bacteriology  3 F.  W.  Fabian 

Bacteriology  4 W.  L.  Mallmann 

Bacteriology  13 W^rd  Giltner 

Bacteriology  17 F.  W.  Fabian 

Bacteriology  19 F.  W.  Fabian 

Bacteriology  23 W.  L.  Mallmann 

Bacteriology  102 Zae  Northrup 1 

Bacteriology  105 F.  W.  Fabian 

Bacteriology  106 Zae  Northrup 

Spring  Term  1919. 

Bacteriology  lb Ward  Giltner 

Bacteriology  Ic Ward  Giltner 

Bacteriology  2 W.  L.  Mallmann 10        *' 

Bacteriology  3 F.  W.  Fabian 16 

Bacteriology  4 F.  W.  Fabian 5"       " 

Bacteriology  14 Ward  Giltner 33 

Bacteriology  15 Ward  Giltner 7        '* 

Bacteriology  17 G.  L.  Ruehle 15 

Bacteriology  19 H.  J.  Stafseth 17 

Bacteriology  102 Zae  Northrup 1        ** 

The  student  health  situation  has  not  assumed  a  more  satisfactory 
condition  during  the  past  year,  either  as  regards  a  system  of  student 
health  control  or  as  regards  our  freedom  from  disease.  The  Influenza 
epidemic  is  something  we  might  not  have  avoided  even  with  the  best  sys- 
tem. That,  of  course,  is  debatable,  but  there  can  be  no  question  about  the 
fact  that  we  lack  a  good  system  of  student  health  control. 

On  January  17th,  I  received  from  your  office  the  following: 

''MEMORANDUM  OF  AGREEMENT  RESPECTING  THE  FUTURE 
ADMINISTRATION  OF  THE  COLLEGE  HOSPITALS. 

*'l.  On  advise  and  recommendation  of  Dr.  Giltner  and  acquiesced  in 
by  all  concerned.  Dr.  O.  H.  Bruegel,  Health  Officer  of  East  Lansing,  has 
been  appointed  Medical  Officer  for  M.  A.  C.  at  an  annual  salary  of  $1,200 
for  services  embracing  the  calendar  year  ending  September  1,  1919  and  to 
be  renewed  thereafter  in  a  manner  similar  to  the  renewal  of  contracts 
with  other  officials  and  employees  of  the  college  staff.  Dr.  Bruegel's 
services  embrace  the  following: 

''a.  He  is  to  diagnose  all  cases  of  illness  among  college  students  to  which 
he  is  called  and  to  determine  upon  their  removal  to  the  hospital. 

"b.  He  is  to  be  the  Medical  Superintendent  of  the  college  hospitals 
and  unless  another  physician  is  requested  by  the  patient,  it  is  understood 
that  Dr.  Bruegel  will  be  in  charge  of  the  case.     His  services,  however  as 
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such  physician  are  to  be  paid  for  by  the  patient  in  addition  to  the  hospital 
charge  referred  to  in  another  paragraph.  The  collection  of  this  physician's 
charge  will  not  be  undertaken  by  the  college. 

"c.  Dr.  Bruegel  as  Medical  Officer  of  M.  A.  C.  will  assist  where 
needed  in  the  physical  examination  of  all  male  students  without  additional 
remuneration.  (?) 

"d.  Dr.  Bruegel,  consulting  with  the  President  will  employ  and  dis- 
charge all  nurses  needed  for  the  hospitals. 

HOSPITAL  MANAGEMENT. 

"1.  As  heretofore,  the  general  care  of  the  hospitals  is  placed  in  charge 
of  Dr.  Giltner  as  head  of  the  Department  of  Bacteriology  and  Hygiene. 
All  necessary  supplies  are  to  be  obtained  by  the  usual  requisition  issued 
through  his  office.  This  includes  material  of  every  kind  and  nature  for 
the  maintenance  of  the  hospitals. 

"2.  All  necessary  accounts  including  (a)  time  and  pay  roll  of  nurses, 
(b)  date  of  admissions  and  discharge  of  patients,  (c)  bills  for  hospital 
services  given  patients  shall  be  handled  in  Dr.  Giltner's  office  and  shall 
be  transmitted  to  the  Secretary's  office  for  collection  at  proper  intervals. 
It  is  understood  that  immediately  upon  the  discharge  of  a  patient  from 
the  hospital,  the  Secretary's  office  shall  be  notified  so  that  means  for  the 
collection  of  hospital  fees  may  be  taken.  The  charge  for  hospital  at- 
tendance in  ordinary  cases  which  includes  nurse's  attendance,  food,  etc., 
shall  be  ten  dollars  ($10.00)  per  week  per  patient." 

In  spite  of  an  effort  to  carry  on  matters  under  the  direction  of  this 
memorandum,  I  fail  to  find  in  the  college  catalogue  for  the  ensuing  year 
any  mention  made  of  student  health  supervision.  It  seems  to  me  that 
this  is  very  unfortunate  and  leaves  the  college  authorities  open  to  severe 
criticism. 

After  consulting  with  Professor  Brewer  of  the  Department  of  Physical 
Education  the  following  recommendations  were  drawn  up  by  Professor 
Brewer  for  a  health  service  for  the  Michigan  Agricultural  College: 

I.  Adminstration. 

a.  Creation  of  a  committee  to  "formulate  and  carry  our  policies,  this 
committee  to  consist  of:  (1)  Professor  of  Department  of  Bacteri- 
ology, Hygiene,  and  Pathology,  (2)  College  Physician,  (3)  Dean 
of  Women,  (4)  Director  of  the  Department  of  Physical  Training, 
(5)  A  fifth  member  appointed  by  the  president. 

b.  A  small  fee  of  fifty  cents  or  one  dollar  per  term  to  be  collected 
from  each  student  and  to  be  known  as  ''Health  Service  Fee". 

c.  A  fee  card  issued  to  each  student  entitling  him  to  free  medical 

advice,  hospital  service,  and  medical  service,  except  for  major 
operations  and  major  illness,  while  he  is  a  student. 

d.  Employment  of  a  trained  man  to  be  known  as  "College  Physician" 

II.  Activities  and  Responsibilities. 

.  a.     Physical  and  medical  examination  of  every  student  as  soon  as 
possible  after  entrance, 
b.     Re-examination  as  often  and  as  many  times  as  seems  best  for 
all  ''Correction  Cases",  as  indicated  by  first  examination. 
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c.  One  or  two  hours  each  day  when  "College  Physician''  will  be  in 

physicians  office  in  gymnasium  for  purpose  of  giving  free  medical 
advice  to  any  student.  Some  arrangement  for  regular  time  in 
women's  building. 

d.  A  graduate  nurse  in  connection  with  college  hospital,  who  will 
give  free  medical  advice  or  help  to  any  student  at  any  time. 

e.  Compulsory  medical  attention.     (A  student  not  able  to  attend 

classes  automatically  and  immediately  comes  under  authority 
of  "College  Physician"  and  "Health  Service  Committee"). 

f.  Authority   to   prescribe   physical   training   work   for   one,   two-, 

three  or  four  years  as  particular  individuals  or  groups  show 
need. 

g.  Compulsory  corrective  work  by  Department  of  Physical  Train- 
ing for  all  "correction  cases". 

h.  A  series  of  lectures  on  general  health,  health  education,  exercise, 
public  and  personal  hygiene,  etc.,  to  be  given  to  all  freshmen 
during  the  first  two  terms,  these  lectures  to  be  given  jointly  by 
the  Department  of  Bacteriology  and  Hygiene  and  the  De- 
partment of  Physical  Training. 

i.  Responsibility  for  ventilation,  sanitation,  general  hygienic  con- 
ditions of  all  class  rooms,  buildings,  laboratories,  shops,  dormi- 
tories, boarding  clubs,  kitchens,  (including  help),  on  college 
grounds. 

j.     Authority  over  living  conditions  of  all  students  on  or  off  campus. 

k.  Authority  in  case  of  epidemics,  contagious  diseases,  etc.,  both 
as  to  individuals  and  the  college  community  as  a  whole. 

1.  Authority  to  remove  from  the  institution  or  prohibit  from  the 
use  of  any  utility  facility,  of  privilege  such  as  boarding  clubs, 
toilets,  gynmasium,  etc.  of  any  individual  with  venereal  dis- 
ease or  infectious  disease,  dangerous  to  the  student  body. 

m.  Authority  over  anything  that  may  come  up  from  time  to  time 
in  case  of  the  individual  student,  a  group,  or  the  college  as  a 
whole,  that  has  to  do  with  the  health  or  health  education  either 
of  the  individual  or  the  group  or  the  college. 

These  recommendations  with  or  without  modifications  as  the  policies 
of  the  college  may  demand  meet  with  my  approval  and  I  recommend 
that  they  be  adopted  and  put  into  force  at  the  earliest  possible  date. 

The  number  of  cases  that  have  been  handled  in  the  college  hospitals 
during  the  past  year  and  the  financial  report  covering  hospital  activities 
follows: 

Diseases  No.  of  cases  Deaths 

Small  Pox 2 

Chicken  Pox 2 

Severe  Cold 6 

Jnjury  and  Infection 11 

Mumps '. '6 

Tonsilitis 7 

Measles 2 

Rheumatism 3 

Observation. .  .  : 6 

Pneumonia 4  1 

Influenza 120  2 
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FINANCIAL  REPORT. 

0.  H.  Bruegel $    874.00 

Nurses 4,303.96 

Sundry  items 2,408.04 

Total  expenditures $7,586.00 

Total  expenditures , $  7,586.00 

Hospital  receipts $  1,510 .  67 

Deficit $6,075.33 

Throughout  the  year,  tests  were  made  by  Mr.  Mailman  upon  the  water 
of  the  college  swimming  pool  at  intervals  of  three  days.  The  increase  of 
bacteria  has  always  been  very  rapid  notwithstanding  the  fact  that  the 
water  was  filtered  for  at  least  12  hours  every  day.  Apparently,  the  filter 
has  not  been  working  efficiently.  Work  is  now  being  carried  on  to  find 
the  cause  of  the  trouble. 

In  conclusion  I  wish  to  recommend  very  highly  the  efficient  and  energetic 
services  of  Mr.  Fabian  and  Mr.  Mailman  in  charge  of  the  student  labora- 
tories and  to  express  my  appreciation  of  the  valuable  assistance  rendered 
by  Mr.  Reuhle  in  taking  full  charge  of  classes  in  dairy  bacteriology  andby 
Miss  Northrup  who  has  always  been  in  readiness  to  fill  a  vacancy  in  the 
class  room.  Dr.  Stafseth  has  rendered  noteworthy  service  in  the  classes 
studying  pathogenic  bacteriology  and  immunology.  Mr.  Lutz  and 
Mr.  Klever  have  beenvery  faithful  in  caring  for  the  stock  room  and  the 
building  and  equipment. 

Respectfully, 
WARD  GILTNER, 
Professor  of  Bacteriology  and  Hygiene. 
East  Lansing,  June  30,  1^19. 

REPORT  OF  THE  DEPARTMENT  OF  BOTANY. 

President  F.  S.  Kedzie,  College. 

Dear  President  Kedzie — I  have  the  honor  to  make  the  following  report 
for  the  Botanical  Department  for  the  fiscal  year  ending  June  30,  1919. 

Owing  to  conditions  resultant  from  the  war,  the  botanical  staff  for 
the  past  year  has  been  smaller  than  in  the  preceding  years.  Mr.  Harry  C. 
Young  was  transferred  to  the  Experiment  Station  staff  beginning  July 
1,  1918.  Graduate  Assistants  C.  W.  Bennett  and  C.  F.  Murphy  were  both 
on  leave  of  absence  for  military  service,  at  the  beginning  of  the  fiscal  year. 
Mr.  Bennett  was  discharged  from  the  army  in  December  and  returned 
to  the  College  on  January  1st.  Mr.  Murphy  did  not  receive  his  discharge 
until  April  and  found  it  necessary  to  resign  in  order  to  accept  a  position  in 
the  U.  S.  Department  of  Agriculture. 

The  department  and  the  College  suffered  a  great  loss  by  the  death  of 
Miss  Rose  M.  Taylor  on  December  5th  after  a  very  short  illness  from 
Influenza.  Miss  Taylor  began  service  in  the  department  at  the  beginning 
of  the  winter  term  in  1909,  and  had  thus  completed  all  but  a  few  weeks  of 
10  years  of  service.  She  was  always  an  exceedingly  able  instiuctor  who  ob- 
tained the  best  from  every  student.    Her  training  was  excellent  and  ehe 
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continued  her  studies  while  connected  with  the  College,  so  that  she  was 
entrusted  with  the  course  in  Forest  Pathology  and  some  other  courses, 
conducting  the  work  with  great  credit  to  the  institution. 

The  two  Graduate  Assistants  who  were  absent  on  military  service  re- 
mained in  training  camps  in  this  country  during  their  entire  service.  Mr. 
Bennett  was  at  Fort  Adams  for  several  months,  and  then  was  sent  to  the 
Officer's  Training  Camp  for  coast  artillery  at  Fortress  Monroe,  from 
which  he  was  discharged  after  the  signing  of  the  armistice,  about  four 
weeks  before  his  commission  was  due. 

Mr.  Murphy  was  for  practically  his  whole  period  of  service  at  Camp 
Lee,  Petersburg,  Virginia,  at  which  camp  he  quickly  became  Regimental 
Sergeant  Major  in  the  Personnel  Division,  having  charge  of  a  large 
amount  of  the  trade  test  work. 

During  the  period  of  the  Student  Army  Training  Camp,  the  following 
members  of  this  department  were  employed  in  teaching  in  other  depart- 
ments: 

E.  A.  Bessey  had  charge  of  two  quiz  sections  in  War  Aims. 

Professor  R,  de  Zeeuw  gave  his  full  time  to  assisting  in  laboratory  work 
and  in  charge  of  quiz  sections  in  Physics. 

Dr.  R.  P.  Hibbard  had  charge  of  Bacteriology  3  in  the  fall  term  and  as- 
sisted for  seven  hours  a  week  with  a  class  in  Meteorology. 

Professor  H.  T.  Darlington  devoted  nearly  his  full  time  to  teaching 
Mathematics,  only  a  small  portion  of  his  time  being  available  for  botanical 
garden  and  herbarium  work. 

Professor  E.  F.  Woodcock  devoted  his  full  time  to  physics  quiz  and  labora- 
tory sections. 

This  loaning  of  members  of  the  Botanical  Department  to  other  de- 
partments was  made  possible  without  impairing  the  efficiency  of  the 
botanical  work  by  the  small  number  of  students  taking  botany  during 
the  fall  term. 

During  the  past  fiscal  year,  Dr.  G.  H.  Coons  and  I  attended  the  meet- 
ings of  the  national  scientific  societies  at  Baltimore  during  Christmas 
week,  (American  Association  for  the  Advancement  of  Science,  Botanical 
Society  of  America,  American  Phytopathological  Society,  etc.)  At  the 
close  of  March  the  department  was  represented  by  myself.  Dr.  G.  H. 
Coons,  Dr.  R.  P.  Hibbard  and  Professor  H.  T.  Darlington  at  the  meetings 
of  the  Michigan  Academy  of  Science  and  the  Schoolmasters'  Club,  where 
papers  were  read  which  will  appear  in  the  forthcoming  report  of  the  Mich- 
igan Academy  of  Science. 

During  the  summer  of  1918,  Professor  Darlington  and  I  made  a  col- 
lecting trip  to  Alpena  and  vicinity  and  points  along  the  west  shore  of 
Lake  Huron  as  far  south  as  Tawas  City.  Some  interesting  plants  were 
found,  one  of  which  had  not  been  reported  before  except  on  Isle  Royal  in 
Lake  Superior.  By  means  of  these  collecting  trips  the  distribution  and 
habits  of  the  plants  of  the  state  are  becoming  much  better  known  and  it  is 
hoped  that  only  a  year  or  two  more  will  be  needed  to  enable  us  to  publish 
the  Flora  of  Michigan  on  which  we  have  been  working  for  the  past  six  or 
more   years. 

Professor  Darlington  has  completed  and  has  ready  for  publication  a 
paper  on  the  distribution  of  the  Orchids  in  Michigan.    * 

The  Botanical  Garden  has  continued  to  be  a  point  of  great  attraction 
for  visitors  coming  to  the  campus.  In  order  to  make  it  as  instructive  as 
possible,  we  are  gradually  adding  a  series  of  descriptive  labels.     Th^j 


Digitized  by 


Google 


garden  could  be  much  more  eflSciently  managed  if  it  were  possible  to 
have  a  larger  greenhouse,  especially  for  starting  plants  in  the  early  spring 
and  for  over-wintering  tender  sorts. 

Although  reduced  in  numbers  on  account  of  the  war,  the  Botanical 
Seminar  has  continued  very  actively  at  work.  Two  public  addresses  were 
given  the  past  year  under  its  auspices,  viz. :  in  the  autumn  by  Dr.  E.  C. 
Stakman,  Professor  of  Plant  Pathology,  University  of  Minnesota,  on 
"Biologic  Forms  of  Cereal  Rusts,"  and  in  May  by  Professor  H.  H.  Bartlett 
of  the  Department  of  Botany,  University  of  Michigan  on  "The  Village 
and  Jungle  Life  of  the  Sumatran  Batak".  Both  lectures. were  intensely 
interesting. 

Respectfully  submitted, 

E.  A.  BESSEY, 
Professor  of  Botany. 
East  Lansing,  June  30,  1919. 

REPORT  OF  THE  SEED  LABORATORY. 

Mr.  A.  M.  Brown,  Secretary,  State  Board  of  Agriculture,  East  Lansing, 
Michigan. 
Dear  Sir — I  transmit  herewith  the  report  of  Miss  B.  A.  Hollister,  Seed 
Analyst. 

Respectfully, 
E.  A.  BESSEY, 

Professor  of  Botany. 
Dr.  E.  A.  Bessey,  East  Lansing,  Michigan. 

Dear  Sir: — I  have  the  honor  to  present  to  you,  the  report  of  the  work 
of  the  Seed  Laboratory  for  the  year  ending  June  30,  1919. 

Yours  very  truly, 
B.  A.  HOLLISTER, 
State  Seed  Analjrst. 

The  work  of  the  seed  laboratory  was  carried  on  as  usual  during  the 
past  year,  in  spite  of  the  unsettled  conditions  due  to  the  epidemic  of  in- 
fluenza and  the  readjustment  resulting  from  the  signing  of  the  armistice. 

Shipments  of  seed  coming  into  the  State  from  other  states  have  caused 
us  a  great  deal  of  trouble.  This  is  true  of  other  states  as  well ,  and  a 
movement  has  been  started  to  get  a  federal  law  which  will  take  care  of 
interstate  shipments.  At  present  nothing  can  be  done  in  this  State,  and 
not  very  much  in  other  states.  Three  or  four  firms  have  been  the  of- 
fenders, and  have  succeeded  in  placing  in  this  State  a  large  quantity  of 
very  poor  seed.  A  great  many  samples  were  sent  to  the  seed  laboratory 
and  all  of  these  seemed  to  be  from  the  same  lot  of  seed.  This  applies 
only  to  samples  of  seed  from  the  firms  in  question.  Samples  from  other 
dealers  were  largely  up  to  standard.  It  would  be  very  desirable  if  farmers 
could  be  urged  to  buy  seed  either  of  their  local  dealer  or  from  any 
other  firms  which  are  known  to  be  reUable.  Many  of  them  buy  from  mail 
order  houses  and  neglect  to  send  a  sample  for  ansdysis,  thus  filling  some  of 
their  fields  with  a  great  uantity  of  weeds,  some  of  which  are  not  only 
undesirable  but  very  noxious.     . 

In  connection  with  the  foregoing  I  might  suggest  that  it  is  unfortunate 
that  we  are  unable  to  send  men  out  to  inspect  seed  at  the  time  when  most 
of  it  is  being  sold  at  retail.  This  would  help  to  eliminate  some  of  the  poor 
lots  of  seed  which  are  sent  into  the  State. 
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I  made  a  trip  to  Detroit  in  May  to  look  up  the  matter  of  lawn  grass 
mixtures.  A  great  deal  of  this  seed  is  sold  by  grocers  and  hardware  mer- 
chants, practically  none  of  whom  know  that  we  have  a  seed  law.  All 
of  them  are  anxious  to  comply  with  the  law  and  promptly  labelled  what 
seed  they  had  on  hand,  when  they  received  the  analysis.  A  good  deal 
of  this  trouble  might  be  eliminated  if  the  wholesaler  would  place  the  proper 
label  upon  the  packages. 

The  Publicity  Department  of  the  College  has  been  of  great  assistance  in 
obtaining  publication  of  news  items  from  the  laboratory. 

Owing  to  the  great  increase  in  wages,  cost  of  supplies,  etc.,  the  small 
appropriation  for  the  maintenance  of  the  Seed  Inspection  work  does  not 
suffice  to  employ  sufficient  additional  help  during  the  rush  season,  January 
to  March  inclusive,  to  permit  of  having  inspectors  send  in  large  numbers 
of  seed  samples.  Perhaps,  therefore,  it  is  fortunate,  in  a  way,  that  the 
money  does  not  suffice  to  hire  seed  inspectors.  It  is  doubly  to  be  regretted 
that  the  fees  hitherto  available  for  the  work  of  the  Seed  Laboratory  must 
henceforward  be  turned  in  to  the  State  Treasury. 

The  time  is  now  ripe  it  seems,  for  a  revision  of  the  present  seed  law  to 
conform  with  the  ideas  exhibited  in  the  **Model  Seed  Law"  recommended 
jointly  by* the  Association  of  American  Seed  Analysts  and  the  American 
Seed  Trade  Association  after  a  study  for  several  years  in  committee  and 
open  meeting.  Given  such  a  law  and  funds  sufficient  to  employ  two  or 
more  analysts  and  several  inspectors,  it  would  be  possible  to  prevent  the 
fraudulent  sale  of  most  poor  seed. 

B.  A.  HOLLISTER, 
State  Seed  Analyst. 
East  Lansing,  June  30,  1919. 

REPORT  OF  THE  DEPARTMENT  OF  CHEMISTRY. 

President  F.  S.  Kedzie,  College. 

Dear  Sir — I  have  the  honor  to  submit  the  following  report  on  the  work 
of  the  Department  of  Chemistry  for  the  year  ending  June  30,  1919. 

The  teaching  stafif  of  the  year  was  as  follows: 

A.  J.  Clark,  Professor. 

H.  S.  Reed,  Associate  Professor. 

B.  E.  Hartsuch,  Assistant  Professor. 
*D.  T.  Ewing,  Assistant  Professor. 

E.  H.  Doherty,  Assistant  Professor. 
H.  L.  Publow,  Instructor. 
P.  S.  Brundage,  Instruction. 
E.  F.  Eldridge,  Instructor. 
H.  C.  Lange,  Instructor. 
H.  A.  Iddles,  Instructor. 
R.  H.  Cromley,  Instructor. 
Harold  R.  Laing,  S.  A.  T.  C.  Assistant. 
Mabel  Mosher  (Winter  Term  only) 

Associate  Professor,  R.  C.  Huston  returned  April  1st,  for  spring  term. 
Instructor  C.  D.  Ball,  Jr.,  returned  April  1st,  for  spring  term. 
Instructor  B.  E.  L.  French  returned  April  1st,  for  spring  term. 
The  work  of  the  year  has  been  very  unsatisfactory  in  some  ways  and 
entirely  satisfactory  in  others.     The  many  interruptions  during  the  fall 

•  At  Chicago  University  on  leave  of  absence. 
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term  while  we  had  521  students  enrolled  in  the  various  courses  were  very 
discouraging.  The  return  to  more  nearly  normal  conditions  during  the 
spring  term,  however,  has  been  very  gratifying  and  the  teaching  staff  of 
the  department  is  looking  forward  with  enthusiasm  to  the  comi^g  year. 
Thirty-five  courses  have  been  offered  during  the  past  year,  practically 
all  of  the  courses  requiring  laboratory  work  as  well  as  recitations  or  lec- 
tures. The  number  of  students  enrolled  in  these  courses  during  the  year 
was  as  follows: 

Summer  Session  1918 54 

FaUTerml918 521 

WinterTerm  1919 486 

Spring  Term  1919 400 


1461 
The  equipment  in  our  industrial  chemistry  laboratory  has  been  in- 
stalled and  will  be  in  use  during  the  present  summer  session.    In  this  labora- 
tory I  believe  we  have  a  valuable  asset  to  the  institution  and  to  the  in- 
dustries of  the  State. 

The  official  record  of  the  members  of  the  staff  absent  during  the  year 
*n  service  is  as  follows: 

1.  Chas.  Dodson  Ball,  Jr.,  enlisted  State  College,  Pa.  Aug.  2,  1917; 
assigned  to  Ordnance  Dept.,  Sept.  14,  1917  at  Watervliet  Arsenal,  N.  Y.; 
sailed  for  France,  Jan.  4,  1918;  transferred  to  Chemical  Warfare  Service, 
April  11,  1918  and  stationed  in  laboratories  at  Puteaux,  near  Paris;  dis- 
charged, Feb.  10,  1919. 

2.  Beals  E.  L.  French  entered  service,  March  15,  1918;  assigned  to 
duty  with  Co.  F,  302  Engineers  at  Camp  Upton,  Me. ;  sailed  for  France  in 
April  1918;  transferred  to  306  Field  Hospital,  77  Division;  transferred  to 
Chemical  Warfare  Service,  October  1918;  discharged  Camp  Upton,  Feb. 
3,  1919. 

3.  Howard  D.  Lightbody  entered  service,  April  3,  1918  at  Chicago 
and  assigned  to  Fort  Preble,  Me.,  to  6th  Recruit  Co.,  and  later  to  Battery 
E,  72nd  C.  A.  C;  transferred  to  Chemical  Warfare  Service,  July  25,  1918; 
assigned  to  Research  Battalion,  American  University,  Washington;  em- 
barked for  France  Sept.  19,  1918  from  Camp  Merritt  on  U.  S.  S.  America; 
disembarked  at  Brest,  Sept.  29,  1918;  entrained  for  Chaumont;  assigned 
as  Field  Chemist  to  Headquarters,  2nd  Army  Corp  and  joined  this  or- 
ganization October  10,  in  area  between  Ammen  and  Albert;  March  25, 
1919  reassigned  to  Fourth  Army  Corps  in  Army  of  Occupation;  May 
2,  1919  left  Germany  for  Brest,  France  having  been  reassigned  to  the 
33rd  Division;  May  10,  1919  embarked  for  New  York  on  U.  S.  S.  Mount 
Vernon;  May  19,  1919  disembarked  and  sent  to  Camp  Mills,  L.  I.;  May 
30, 1919  discharged  at  Camp  Grant,  111. 

4.  Ralph  Chase  Huston,  Captain  Sanitary  Corps,  Laboratory  Div. 
Commissioned  Aug.  6,  1918;  assigned  to  Rockefeller  Institute;  assigned 
to  Yale  University  Sept.  20;  assigned  to  Camp  Polk,  Dec.  25, 1918;  assigned 
to  U.  S.  General  Hospital  No.  19,  Oteen,  N.  C;  Discharged  Feb.  1, 1919. 

During  S.  A.  T.  C.  regime  A.  J.  Clark  was  acting  Field  Director  of 
American  Red  Cross. 

Respectfully  submitted, 
ARTHUR  J.  CLARK, 
Professor  of  Chemistry 
East  Lansing,  June  30,  1919. 
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REPORT  OF  THE  DEPARTMENT  OF  MATHEMATICS. 

President  F.  S.  Kedzie,  College. 

Dear  Sir — I  have  the  honor  to  submit  for  your  consideration  the  follow- 
ing report  on  the  work  of  the  Department  of  Mathematics  for  the  year 
ending  June  30,  1919: 

During  the  year  the  teaching  staff  of  the  department  was  as  follows: 
L.  C.  Plant,  Professor. 
L.  C.  Emmons,  Associate  Professor. 

M.  F.  Johnson,  G.  G,  Speeker,  and  S.  E.  Crowe,  Assistant  Professors. 
W.  M.  Wibble,  Instructor. 

During  the  fall  term  Professors  E.  S.  King,  H.  T.  Darlington,  W.  E. 
Reuling  and  F.  A.  Burt  and  Mr.  B.  K.  Philp  taught  classes  in  the  Student 
Army  Training  Corps. 

At  the  opening  of  the  fall  term  an  unusual  demand  was  made  on  the 
department  both  for  instruction  and  for  subject  matter.  The  former 
was  met  by  other  departments'  coming  to  our  assistance.  Professor  King, 
of  the  English  Department,  Professor  Darlington,  of  the  Botany  Depart- 
ment, Professor  Reuling,  of  the  Mechanical  Engineering  Department, 
Professor  Burt  of*  the  Geology  Department,  and  Mr.  Philp,  of  the 
Civil  Engineering  Department  offered  their  help.  I  take  this  opportunity 
to  thank  these  men  for  their  assistance  and  to  say  that  notwithstanding 
the  fact  that  they  were  teaching  outside 'their  chosen  fields,  no  more  en- 
thusiastic body  of  teachers  could  have  been  found  on  the  campus. 

Our  national  Government  asked  that  the  Student  Army  Training  Corps 
be  taught  mathematics  that  should  be  adapted  so  far  as  possible  to  special 
phases  of  army  work.  Professor  W.  Paul  Webber,  of  the  University  of 
Pittsburgh,  and  myself  had  a  manuscript  on  Introductory  Mathematical 
Analysis' which  seemed  to  meet  more  nearly  the  requirements  of  the 
Government  than  any  text  on  the  market.  By  putting  forth  every  effort 
and  by  the  cooperation  of  John  Wiley  and  Sons  we  were  able  to  place  in 
the  hands  of  the  students  preprints  of  the  text  soon  after  the  opening  of 
the  term.  The  completed  text  was  off  the  press  in  January.  The  govern- 
ment inspector  of  work  done  in  the  S.  A.  T.  C.  units  in  different  educa- 
ferent  institutions.  Professor  S.  E.  Stout,  of  the  University  of  Indiana,  was 
so  well  pleased  with  our  mathematics  that  he  asked  for  a  detailed  out- 
line of  the  same  in  order  that  he  might  present  copies  to  other  institutions. 

The  success  of  the  department  is  largely  due  to  the  personal  interest  of 
the  members  of  the  staff.  They  have  given  generously  of  their  time  out 
of  class  hours  to  their  students  and  they  have  used  their  spare  time  and 
vacation  periods  in  doing  graduate  work. 

The  total  number  of  students  taking  mathematics  during  the  year  was 
1,219,  divided  among  the  different  terms  as  follows:  fall,  417  S.  A.  T.  C. 
students,  147  regular  students;  winter,  302;  spring,  257;  summer,  96.  The 
total  number  of  class  periods  for  the  year  was  367,  divided  among  the 
different  terms  as  follows:  fall,  125;  winter,  98;  spring,  74;  summer,  70. 

Respectfully  submitted, 
L.  C.  PLANT, 
Professor  of  Mathematics. 
East  Lansing,  June  30,  1919. 
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REPORT  OF   THE  DEPARTMENT  OF  ZOOLOGY  AND 

PHYSIOLOGY. 

To  the  President. 

Sir — I  have  the  honor  to  submit  the  following  report  of  the  Department 
of  Zoology  and  Physiology  for  the  year  ending  June  30,  1919: 

Except  for  the  interruption  and  changes  due  to  the  Students  Army 
Training  .Corps  and  related  activities  the  work  of  the  Zoological  Depart- 
ment has  progressed  almost  as  usual  during  the  past  year.  Instructor 
Bergquist  who  enlisted  in  March  1918  is  stiU  on  leave  and  with  the  20th 
Engineers  abroad.  With  this  exception  there  have  been  no  changes  in 
the  personnel  of  the  department.- 

In  the  fall  term  assistant  professors,  Roseboom  and  Burt  were  assigned 
"respectively  to  the  Chemical  and  Mathematics  Departments,  the  former 
giving  his  entire  time  to  the  teaching  of  physiological  chemistry  and  the 
latter  teaching  three  five-hour  courses  in  algebra  and  trigonometry.  In- 
structor Stack  became  an  assistant  in  the  Bacteriological  laboratory  for 
the  whole  term  and  Assistant  Professor  Conger  gave  part  of  his  time  to 
the  teaching  of  "War  Aims"  under  the  Department  of  History  and  Political 
Science.  Classes  in  beginning  zoology  and  advanced  physiology  for  the 
women,  and  elementary  zoology  for  veterinary  students,  were  the  only 
subjects  handled  in  our  own  department. 

In  the  winter  term  Professor  Roseboom  continued  to  give  all  his  time 
to  physiological  chemistry  and  Mr.  Stack  to  give  half  his  time  to  bacteriol- 
ogy. Professor  Burt  had  two  required  classes  and  one  elective  in  geology, 
Mr.  Conger  and  the  writer  gave  the  classes  in  zoology,  and  Mr.  LeRoy  and 
Mr.  Stack  cared  for  the  veterinary  physiology  and  the  beginning  physiology 
for  one  half  of  the  freshmen  women. 

The  spring  term  was  practically  normal,  the  return  of  many  of  the 
young  men  who  had  been  in  the  service  bringing  the  elective  classes 
nearly  to  full  size. 

The  department's  share  in  the  Summer  School  was  not  large.  It  con- 
sisted of  a  two-weeks  course  in  bird-study  given  to  seven  students  (mainly 
teachers)  by  the  writer,  and  six-weeks  courses  in  elementary  zoology  and 
elementary  physiology  by  Mr.  Roseboom  to  seven  other  students. 

Several  important  changes  in  courses  of  study  made  during  the  past 
year  have  affected  rather  seriously  the  balance  of  work  in  this  department. 
The  transfer  of  the  required  physiology  for  women  from  the  freshman 
to  the  junior  year  will  leave  the  department  without  any  of  this  work  for' 
two  years  to  come,  and  the  dropping  of  elementary  zoology  from  the 
women's  curriculum  still  further  reduces  the  hours  of  work  of  our  teaching 
staff.  It  is  to  be  regretted  that  such  radical  changes  cannot  be  foreseen 
far  enough  in  advance  to  allow  intra-departnaent  adjustments  which 
would  prevent  overwork  in  some  terms  and  semi-idleness  in  others. 

As  usual  the  department  has  complied  occasionally  during  the  year 
with  requests  for  lectures  or  talks  before  schools  and  societies  of  various 
kinds  and  is  prepared  to  do  more  of  this  work  in  the  future.  In  this 
connection  it  may  be  noted  that  Professor  Conger  has  in  preparation  a 
popular  bulletin  on  the  haired  animals  of  the  State,  with  special  reference  to 
those  which  affect  agriculture  in  any  way,  with  directions  for  the  ex- 
termination or  control  of  injurious  forms. 

In  response  to  the  government's  call  for  the  loan  of  field-glasses  to 
serve  as  "Eyes  for  the  Navy"  the  department  sent  Assistant  Secretary 
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Roosevelt  a  description  of  the  18  pairs  of  glasses  used  in  our  bird  work 
and  from  these  ten  pairs  were  selected  and  forwarded  in  April,  1918.  Soon 
after  the  armistice  was  signed  one  pair  of  glasses  was  returned,  followed 
at  intervals  by  others  until  on  June  21st  the  last  glass  had  been  returned, 
all  in  perfect  condition,  and  with  an  engraved  certificate  of  thanks  and 
appreciation  from  the  Assistant  Secretary  of  the  Navy. 

MUSEUM. 

During  the  fall  term  the  lack  of  regular  teaching  enabled  the  curator 
and  other  members  of  the  department  to  devote  more  attention  to  the 
General  Museum  than  has  been  possible  in  any  one  term  for  many  years 
past.  As  a  result  its  general  conditioif  has  been  very  greatly  improved. 
The  entire  display  of  minerals  and  fossils  has  been  rearranged,  the  large 
collection  of  marine  invertebrates  from  J.  M.  Knapp  (with  '61),  from  the 
Puget  Sound  region,  has  been  displayed  and  properly  labeled,  and  a 
large  part  of  the  Harry  K.  Pomeroy  collection  of  birds  eggs  has  been  put 
on  exhibition,  although  as  yet  it  lacks  printed  labels.  In  addition  the 
entire  collection  of  birds,  both  on  the  museum  shelves  and  in  storage,  has 
been  overhauled  and  the  museum  part  has  been  considerably  augmented 
and  improved.  In  the  course  of  this  work  it  was  found  possible  to  re- 
mount some  two  hundred  specimens  from  the  Broas  collection  and  these 
were  used  freely  for  the  classes  in  ornithology  during  the  spring  term. 
Much  remains  to  be  done  along  this  line  and  in  particular  the  museum 
needs  the  addition  of  good  specimens  of  many  common  reptiles,  fishes, 
birds  and  mammals  which  are  not  now  represented  at  all. 

Respectfully, 

WALTER  B.  BARROWS, 
Professor    of    Zoology   and    Physiology 
and   Curator   of   General   Museum. 
East  Lansing,  Mich.,  June  30,  1919. 

REPORT  OF  THE  DEPARTMENT  OF  ENTOMOLOGY. 

President  F.  S.  Kedzie. 

Dear  Sir — Following  is  a  brief  report  of  the  work  of  the  Department  of  ~ 
Entomology  for  the  year  ending  June  30, 1919. 

During  the  year  the  following  courses  were  given  by  the  department: 

Summer  Term,  1918. 

Two  weeks  course  in  nature  study. 

R.  H.  Pettit  and  Miss  McDaniel. 
Fall  Term. 

Ent.  III.     Insect  pests  of  field  crops. 

R.  H.  Pettit. 

Ent.  VIII.     Parasitology  for  veterinary  students  in  S.  A.  T.  C. 

Dr.  Chandler  and  Miss  McDaniel. 
Winter  Term. 

Ent.  IV.     Forest  Insects. 

R.  H.  Pettit. 

Ent.  XI.     Household  insects  for  women. 

R.  H.  Pettit  and  Miss  McDaniel. 

Ent.  Va  and  b.     Applied  Entomology. 

Miss  McDaniel. 

Ent.  Xc.    Apiculture  (option). 

Mr.  B.  F.  Kindig. 
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Besides  these  a  short  course  was  given  in  fruit-insects  and  one  in  api- 
culture to  horticultural  students,  by  R.  H.  Pettit  and  Mr.  Kindig;  one 
to  men  in  general  agriculture,  second  year,  on  field  crop  pests,  by  R.  H. 
Pettit;  one  on  garden  insects,  by  R.  H.  Pettit;  and  a  short  course  of  one 
week  known  as  **bee-week",  for  apiculturists,  by  Mr.  Kindig. 

Spring  Term. 

Ent.  I.     Introductory  Entomolo^. 

R.  H.  Pettit  and  Miss  McDaniel. 

Ent.  II.    Fruit  insects. 

R.  H.  Pettit. 

Ent.  V.    Applied  Entomology. 

Miss  McDaniel. 

Ent.  Xa.    Beginning  of  t];Le  option  in  Apiculture  and 

Xd    final  term  in  Apicmtural  option  andboth  by  Mr.  Kindig. 

During  the  epidemic  of  Spanish  Influenza  last  fall,  a  very  interesting 
and  effective  campaign  against  house-flies  was  carried  on  by  the  depart- 
ment under  the  direction  of  Doctor  Chandler.  During  this  campaign  the 
attempt  was  made  to  kill  by  formaldehyde,  as  many  flies  as  possible  in 
the  mess-halls,  in  the  hospital  wards,  in  isolation  hospitals;  and,  by 
poisons  and  sprays,  in  their  breeding  places — the  most  notable  being 
the  piggery.  It  was  comforting  to  note  that  the  number  of  new  cases 
dropped  in  a  very  gratifying  manner  immediately  (that  is  the  day  after) 
operations  were  instituted,  and  so  great  a  proportion  of  our  supply  of 
flies  was  destroyed  that  up  to  the  middle  of  the  following  June  (1919) 
the  comparative  absence  of  flies  was  noticeable. 

Mr.  Don  B.  Whelen,  Extension  SpeciaUst  in  Insect  Control,  has  re- 
signed to  take  up  work  in  the  commercial  field,  his  resignation  taking 
effect  on  June  30th.  Mr.  Whelen  was,  at  the  time  of  leaving,  engaged  in 
directing  a  general  campaign  against  grasshoppers  in  Antrim,  Benzie, 
Charlevoix,  Cheboygan,  Crawford,  Emmet,  Grand  Traverse,  Kalkaska, 
Manistee,  Missaukee  and  Roscommon  counties,  where  grasshoppers  have 
destroyed  a  great  deal  of  wealth  in  the  form  of  crops  for  two  or  three 
years  past. 

Mr.  Edwin  Ewell,  Extension  Specialist  in  Apiculture,  has  carried  in- 
formation of  great  value  to  the  apiculturists  and  has,  during  the  year,  or- 
ganized the  beekeepers  into  country  clubs,  in  14  counties. 

Our  practice  of  answering  queries  by  correspondence  seems  to  be  ap- 
preciated by  the  people  of  the  State.  During  the  month  of  June  besides 
a  large  mass  of  routine  mail  to  companies  and  individuals,  the  writer 
replied  to  72  letters  from  county  agents  in  reply  to  requests  for  expert 
advice. 

The  last  legislature  increased  the  appropriation  for  State  Apiary  In- 
spection from  $3,000  to  $10,000,  thus  making  it  possible  to  increase  the 
quantity  of  work  done.  Further  information  will  be  supplied  in  the 
report  of  the  State  Inspector  of  Apiaries. 

Respectfully  submitted, 
R.   H.  PETTIT, 


East  Lansing,  Mich.,  June  30,  1919. 


Professor  of  Entomology. 
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REPORT  OF  THE  DEPARTMENT  OF  PHYSICS. 

President  F.  S.  Kedzie,  College. 

Dear  Sir — The  following  is  a  brief  record  of  the  activities  of  the  Physics 
Department  for  the  school  year  ending  June  30,  1919. 

Due  to  the  fact  that  both  the  regiJar  and  S.  A.  T.  C.  work  in  physics 
were  given  simultaneously  during  the  fall  term,  it  became  necessary  to 
enlarge  our  lecture  room  facilities.  The  northwest  corner  room  on  the 
first  floor  of  the  Forestry  Building,  formerly  used  by  the  Home  Economics 
Department  as  a  laboratory,  was  converted  into  a  very  satisfactory 
auxiliary  lecture  room. 

A  self  ventilating  storage  battery  room  was  built  in  the  agricultural 
physics  laboratory.  This  has  meant  much  to  the  department  by  eliminat- 
ing the  acid  fumes  which  heretofore  permeated  the  building,  thereby 
corroding  delicate  and  expensive  apparatus. 

A  unique  switchboard  was  designed,  built  and  installed  by  Professor 
Armstrong  for  the  distribution  of  low  voltages  (8,  16,  32  and  64  volts)  to 
lecture  rooms  and  laboratories.  This  enables  us  to  draw  as  high  as  400 
to  600  amperes  direct  current  for  lecture  table  demonstration  purposes, 
as  well  as  giving  constant  voltages  for  laboratory  work. 

The  rebuilding  of  an  old  rotary  converter  of  2  K.  W.  capacity  has  made 
it  possible  for  us  to  obtain  alternating  current  for  lecture  and  laboratory 
uses. 

During  the  Summer  School  of  1918  the  following  courses  in  physics 
were  given:  Id,  le;  2d,  2f;  4b;  also  a  course  in  High  School  physics. 
This  work  was  presented  largely  from  the  laboratory  rather  than  the  usual 
lecture,  quiz  and  laboratory  standpoint,  which  allowed  a  greater  amount 
of  personal  work  as  the  classes  were  small. 

Since  the  equipment  of  the  Physics  Department  was  well  suited  for 
presenting  the  starting,  Ughting  and  ignition  work  given  to  the  Motor 
Mechanics,  our  lecture  room  and  apparatus  were  used  by  them  during 
the  summer  and  fall  terms. 

The  work  of  the  fall  term  was  quite  out  of  the  ordinary.  School  began 
October  1st  with  the  S.  A.  T.  C.  program  not  clearly  defined.  A  tentative 
program  outlined  by  a  committee  of  the  faculty  was  supplanted  by  a 
course  of  study  prepared  by  the  Committee  on  Education  and  Special 
Training,  Washington,  D.  C. 

The  total  number  of  men  enrolled  in  the  war  courses  in  physics  was 
201.  These  were  either  19  or  20  year  men  who  had  chosen  some  one  of  the 
following  groups  the  of  service. 

19  YEAR  MEN 

(a)  Infantry  and  Artillery. 

(b)  Air  Service. 

(c)  Chemical. 

(d)  Transport  and  Tank. 

20  YEAR  MEN. 

(a)  Air  Service. 

(b)  Ordnance. 

(c)  Engineer  Corps. 

(d)  Chemical. 
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Since  these  various  groups  came  at  different  periods  of  the  day,  ad- 
ditional teaching  help  was  required  to  handle  these  war  courses 
eflBciently.  To  meet  this  need  the  Botany  Department  very  kindly  offered 
to  the  Physics  Department  the  full  time  services  of  Dr.  Woodcock  and 
Dr.  De  Zeeuw.  This  offer  was  accepted.  At  the  same  time  we  also 
gave  the  regular  courses,  Physics  Id  and  Physics  2d,  all  of  which  made 
for  us  an  exceptionally  heavy  schedule  of  work. 

The  department  made  a  still  further  contribution  to  the  war  program 
of  the  College.  At  the  request  of  Captain  Henderson  and  Lieutenant 
Bridgman  of  the  Infirmary,  it  did  skiagraphic  X-Ray  work  for  the  several 
detachments,  with  apparatus  made  and  assembled  in  the  department 
except  for  a  discarded  hydrogen  X-Ray  tube. 

At  the  beginning  of  the  winter  term  it  was  found  expedient  to  repeat 
the  usual  fall  term's  work  in  addition  to  the  regular  winter  term's  work 
to  be  given,  in  order  that  the  students  then  entering  college  would  be  able 
to  finish  their  regularly  scheduled  work  at  the  end  of  the  Summer  School 
thus  permitting  them  to  graduate  with  their  respective  classes. 

During  the  spring  term  it  also  became  necessary  for  the  same  reason 
to  give  both  the  winter  and  spring  terms'  work  simultaneously. 

On  September  1st  the  Physics  Department  sustained  a  great  loss  in 
the  resignation  of  one  of  its  members,  Professor  O.  L.  Snow,  who  had  ren- 
dered very  faithful  and  efficient  service  for  eight  years.  Mr.  Snow  left  to 
accept  a  position  with  the  United  Engine  Company,  Lansing,  Mich.,  to 
which  was  attached  a  salary  of  nearly  double  that  which  he  received 
from  the  college. 

Mr.  E.  A.  Armstrong,  an  M.  A.  C.  graduate  of  the  Class  of  1911, 
Electrical  Engineering  Course,  was  hired  to  fill  the  position  made  vacant 
by  the  resignation  of  Prof.  Snow.  He  in  turn  resigned  at  the  end  of  the 
winter  term  to  accept  a  more  lucrative  position  with  the  National  Machine 
Products  Company  of  Detroit,  Michigan. 

No  one  was  secured  to  fill  the  position  vacated  by  Prof.  Armstrong. 
The  part  time  services  of  Assistant  Prof.  P.  G.  Andres  were  loaned  to  the 
Physics  Department  by  the  Department  of  Electrical  Engineering,  to  han- 
dle the  engineering  physics  courses,  Physics  2e  and  2f,  previously  taught 
by  Professor  Armstrong.  He  was  assisted  in  this  work  by  Mr.  R.  J.  Bondie 
of  the  class  of  1918. 

Due  to  the  conflicts  in  schedules  caused  by  the  doubhng  of  the  work, 
we  were  obhged  to  employ  student  laboratory  asisstants  for  part  of   the 
work  throughout  both  the  winter  and  spring  terms. 
.    The  number  of  students  per  term  enrolled  in  physics  was  as  follows: 

Summer  School,  1918 18 

Fall  Term,  1918— 

S.  A.  T.  C.  Students 201 

Regular  Students 11 

Total 212 

Winter  Term,  1919 179 

Spring  Term,  1919 173 

Total  for  the  year 564 

Aside  from  the  assistance  rendered  the  department  by  Dr.  Woodcock 
and  Di*.  de  Zeeuw;  that  of  Assistant  Professor  Andres;  and  that  of  the 
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laboratory  assistants  previously  mentioned,  the  departmental  work  was 
cared  for  by  Associate  Professor  Laycock,  Assistant  Professor  E.  A.  Arm- 
strong and  myself.  Assistant  Professor  Snow  assisted  with  the  work  of  the 
summer  school. 

Mr.  Ralph  M.  Harford's  name  was  added  to  the  regular  College  payroll, 
July  1,  1918,  as  College  Photographer. 

I  wish  to  take  this  opportunity  to  thank  the  Botany  Department 
for  the  loan  of  Dr.  Woodcock  and  Dr.  de  Zeeuw  during  the  period  of  the 
S.  A.  T.  C,  also  the  Department  of  Electrical  Engineering  for  the  loan 
of  Mr.  Andres  for  part  time  during  the  spring  term. 

In  compliance  with  repeated  requests,  the  faculty  at  its  meeting, 
March  17th,  authorized  the  Physics  Department  to  give  three  courses  in 
physics,  namely:  Physics  100,  101  and  102,  as  minors  in  the  graduate 
school.  These  added  courses  will  make  us  feel  keenly  the  shortage  of 
available  laboratory  and  lecture  room  space. 

Considerable  difficulty  was  experienced  during  the  winter  and  spring 
terms  in  giving  five  or  six  laboratory  courses  with  only  three  laboratories 
available.  This  lack  of  room  made  necessary  the  taking  down  of  practically 
all  of  the  laboratory  apparatus  at  the  end  of  each  term,  and  setting  up  new 
laboratory  apparatus  for  the  following  term's  work. 

This  has  indeed,  been  a  trying  year  for  the  Physics  Department,  since 
only  two  of  the  regular  teaching  force  remained  with  the  department 
throughout  the  entire  year,  but  notwithstanding  this  and  the  other  unusual 
conditions  that  have  prevailed,  the  work  has  been  handled  satisfactorily 
to  all  concerned. 

Very  respectfully  submitted, 
CHAS.  W.  CHAPMAN, 

Head  Physics  Department. 
East  Lansing,  June  30,  1919. 

REPORT  OF  THE  DEPARTMENT  OF  ENGLISH  AND  MODERN 

LANGUAGES. 

President  F.  S.  Kedzie,  College. 

Dear  Sir — I  have  the  honor  to  submit  the  following  report  upon  the 
Department  of  EngLsh  and  modern  Languages  for  the  year  ending  June  30, 
1919: 

TEACHING  STAFF  FOR  THE  YEAR. 

The  teaching  staff  of  my  department  was  as  follows: 

W.  W.  Johnston,  Professor  of  English  and  Modern  Languages. 

E.  S.  King,  Associate  Professor  of  Public  Speaking. 

C.  B.  Mitchell,  Assistant  Professor  of  Public  Speaking  (Spring  Term). 

Mrs.  A.  C.  Robson,  Instructor  in  French. 

Mrs.  N.  L.  Roseboom,  Instructor  in  English. 

L.  C.  Hughes,  Instructor  in  French. 

J.  B.  Hasselman,  Instructor  in  English. 

R.  B.  Weaver,  Instructor  in  English. 

L.  B.  Mayne,  Instructor,  in  English. 

O.  M.  Lebel,  Instructor  in  French. 

A.  J.  Van  Speybroeck,  Instructor  in  French. 
Two  members  of  the  teaching  force  named  above,  Mr.  Lebel  and  Mr. 
Van  Speybroeck,  were  employed  shortly  before  the  opening  of  the  fall 
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term.  They  came  as  instructors  in  French  for  members  of  the  Student's 
Army  Training  Corps.  After  the  disbanding  of  the  Corps  they  were  as- 
signed to  other  work.  Mr.  Lebel  took  charge  of  one  of  our  regular  daily 
classes  of  first-year  French  and  of  four  sections  of  conversational  French, 
the  latter  subject  being  added  to  the  curriculum  with  the  beginning  of 
the  winter  term.  Mr.  Van  Speybroeck,  who  had  had  training  and 
experience  in  teaching  English  as  well  as  French,  was  assigned  to  instruc- 
.  tional  work  in  composition  and  public  speaking  for  freshmen  engineers. 

At  the  beginning  of  the  spring  term  the  teaching  force  was  augmented 
by  the  addition  of  Mr.  C.  B.  Mitchell.  In  September,  1918,  Mr.  Mitchell, 
who  had  been  a  member  of  the  department  since  1912,  resigned  to  accept 
a  position  with  the  Cincinnati  office  of  the  J.  Walter  Thompson  Advertising 
Company.  In  March,  1919,  he  was  reappointed  to  his  assistant  professor- 
ship in  my  department  and  was  assigned  to  seventeen  hours  of  class  work 
for  the  spring  term,  fifteen  in  pubhc  speaking  and  two  in  composition. 

I  have  not  included,  in  the  list  given  above,  the  name  of  Arthur  S. 
Bjirket.  Mr.  Burket  was  a  member  of  my  department  from  the  first  of 
September  1916,  to  March,  1919;  but  from  April,  1917,  to  the  time  at 
which  he  resigned  his  position  at  the  College,  he  was  on  leave  of  absence, 
granted  for  the  duration  of  the  war.  Mr.  Burket  was  commissioned  as  1st 
Lieutenant  of  Infantry  in  the  Reserve  Corps  on  April  17,  1917,  and  soon 
afterward  was  ordered  to  report  at  Fort  Sheridan  for  active  duty.  He  was 
assigned  to  duty  with  the  10th  and  11th  Provisional  Regiments  R.  0.  T.  C. 
He  was  commissioned  Captain  of  Infantry,  R.  C,  August  15,  1917,  was 
ordered  to  report  to  the  Commanding  General  of  Camp  Custer,  Michigan, 
and  was  assigned  to  the  338th  Infantry.  He  was  transferred  to  the  160th 
Depot  Brigade,  September  13,  1917,  and  assigned  to  Command  of  the  2nd 
Battalion.  He  was  commissioned  Major  of  Infantry,  N.  A.,  December  31, 
1917.  September  26^  1918,  he  was  transferred  to  the  10th  Infantry.  While 
at  Camp  Custer,  Major  Burket  served  as  President  of  the  Camp  General 
Coiu-t  Martial,  as  Member  of  three  Division  General  Court  Martials,  and 
as  President  and  member  of  three  Special  Court  Martials.  He  served 
also  on  the  Summary  Court  of  Brigade  and  Regiment,  and  was  a  member 
of  various  Promotion  Boards,  Efficiency  Boards,  Boards  adjusting  land 
claims,  etc. 

When  Major  Burket  was  transferred  from  the  160th  Depot  Brigade  to 
the  10th  Infantry,  all  signs  pointed  toward  France;  but  within  less  than 
two  months  the  armistice  had  been  signed.  Major  Burket  was  discharged 
on  February  6,  1919,  and  soon  afterward  went  to  Columbus,  Ohio  to 
make  an  address  at  the  state  meeting  of  ice  cream  manufacturers  and  to 
make  arrangements  for  returning  to  East  Lansing.  While  in  Columbus, 
however,  he  was  offered  a  very  attractive  opportunity  to  return  to  the 
practice  of  law,  and  resigned  his  position  at  the  College.  It  was  very 
shortly  after  his  resignation  that  I  had  a  chance  to  secure  again  the  services 
of  C.  B.  Mitchell  for  our  work  in  public  speaking.  On  March  14,  1919,  Mr. 
Burket  was  recommissioned  Major  of  Infantry,  R.  C. 

Mr.  Van  Speybroeck,  who  was  engaged  in  order  that  he  might  teach 
French  to  our  unit  of  the  S.  A.  T.  C,  wUl  not  remain  with  the  department 
next  year.  Mr.  Hasselman,  whom  you  have  appointed  Director  of  Publica- 
tions, retains  his  title  of  Instructor  of  English  but  will  devote  practically 
all  of  his  time  to  publications.  It  is  probable  that  he  will|teach  for  the 
Department  of  English  only  the  two-hour  course  in  Writing  for  theJPress. 
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WORK  OF  THE  MEMBERS  OP  THE  DEPARTMENT  DURING  THE  FALL  TERM. 

During  the  fall  term  much  of  the  work  done  by  members  of  the  de- 
partment was  not  in  immediate  connection  with  the  department.  The 
smallness  of  our  enrollment  of  regular  students,  combined  with  the  large 
amount  of  attention  given  to  the  S.  A:  T.  C,  necessitated  important 
changes.  As  no  English  was  given  to  our  unit  of  the  S.  A.  T.  C,  it  was 
possible  to  spare  the  full  time  of  two  teachers.  Accordingly,  Professor 
Eling  was  for  the  term  transferred  to  the  department  of  Mathematics,  for 
which  he  taught  daily  four  classes  of  the  S.  A.  T.  C.  Similarly,  Mr. 
Hasselman  gave  his  entire  time  to  the  Department  of  Physical  Training. 
Three  other  teachers  gave  part  time  to  the  Department  of  History,  in  the 
teaching  of  War  Aims.  Mr.  Weaver  taught  one  section  of  27  students  in 
War  Aims,  in  addition  to  teaching  every  week  four  two-hour  courses  and 
two  three-hour  courses  in  English — a  total  of  six  classes  in  English  and  one 
in  War  Aims.  Mr.  Mayne  had  two  classes  in  War  Aims,  of  .31  and  47  stu- 
dents respectively,  besides  teaching  daily  three  sections  of  freshman 
composition  for  women,  the  smallest  of  these  sections  numbering  20 
students.  The  head  of  the  department  transferred  to  Mrs.  Roseboom  his 
customary  class  in  elective  English  for  juniors  and  seniors  and  taught 
in  their  stead  three  classes  in  War  Aims,  of  23,  32,  and  44  students  re- 
spectively. As  there  was  an  enrollment  of  but  30  in  English  2e,  our  regu- 
lar course  in  freshman  composition  for  agricultural  students,  he  was  also 
able  to  teach  during  his  term  all  of  the  freshmen  English  given  to  our  st 
dents  of  Agriculture.  Mr.  Lebel  and  Mr.  Van  Spreybroeck  devoted  their 
entire  time  to  the  courses  on  conversational  French  given  to  the  S.  A.  T.  C. 
There  were  but  three  members  of  the  department  whose  instructional 
work  was  not  wholly  or  largely  determined  by  the  war  conditions  prevailing 
at  the  College. 

THE  WINTER  AND  SPRING  TERMS. 

At  the  beginning  of  the  winter  term  Professor  King  and  Mr.  Hasselman 
returned  to  service  with  the  Department  of  English.  The  repeating  of 
fall  term  courses  for  students  who  had  been  in  the  army  necessitated  the 
organization  of  a  considerable  number  of  sections  of  new  classes,  and  on 
the  whole  the  work  of  the  two  terms  was  exceptionally  heavy  for  all 
teachers  of  English.  During  the  spring  term  the  classes  and  theme  work 
of  some  members  of  the  department  were  made  especially  heavy  by  the 
necessity  of  relieving  Professor  King  and  Mrs.  Roseboom  of  a  suflScient 
amount  of  teaching  to  enable  them  to  devote  a  considerable  amount  of 
time  and  hard  work  to  the  out-of-door  play  and  the  commencement 
pageant  mentioned  further  on  in  this  report.  Likewise  it  seemed  advisable 
to  relieve  Mr.  Hasselman  of  his  afternoon  class  work  in  order  that  he 
might  fill  temporarily  the  place  left  vacant  by  the  resignation  of  the 
Director  of  Publications. 

RESULTS  OP  CONTESTS. 

Each  year  I  have  given  in  my  report  the  results  of  contests  in  which 
the  department  is  especially  interested.  This  year  the  Eunomian-Holcad 
contest  was  won  by  Miss  Ruth  Hudson,  H.  E.  '22,  with  a  poem  entitled 
The  Road,  Accordingly,  Miss  Hudson  received  the  prize  of  $25  provided 
by  the  Eunomian  Literary  Society.    There  was  a  tie  for  second  place  be* 
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ween  Miss  Margaret  Himmelein,  H.  E.  '20,  and  Miss  Helen  Kellogg,  H.  E. 
'19.  Miss  Himmelein's  contest  manuscript  was  a  story  entitled  The 
Weakling,  Miss  Kellogg's  a  story  entitled  Spring.  Cleaning  Invades  the 
Store.  The  sum  of  the  second  prize,  $10.00,  and  third  prize,  $5.00  was 
divided  between  the  two  contestants,  each  receiving  $7.50.  Second  and 
third  prizes,  as  well  as  those  awarded  to  contestants  falling  below  third 
place,  are  provided  annually  by  the  Holcad.  Other  contestants  who  won 
prizes  were  Cecil  Gebhart,  H.  E.  '19;  H.  ;C.  Powell,  A.  '22;  Kenneth 
Mahrle,  A.  '22;W.  A.  Hockstad,  A.  '22;  Ruth  Musselman,  H.  E.  '19;  J.  S. 
Cutler,  A.  '20. 

^  The  George  E.  Lawson  Prize  Essay  contest  was  won  by  Mr.  Stanley 
Powell,  A.  '20,  whose  essay  was  enititled  Living  the  Full  Life  on  the  Farm. 
Second  place  was  won  by  W.  A.  Hockstad,  A.  '22,  for  his  essay  Our  Friend 
the  Fly.  Mr.  Powell  received  the  Lawson  prize  of  $26,  and  Mr.  Hockstad  a 
prize  of  $16.    Twelve  manuscripts  were  submitted  in  this  contest. 

We  took  part  in  no  intercollegiate  debate  this  year.  Iowa  State  College 
was  ready  to  hold  the  usual  debate,  but  Purdue  University  considered 
it  better  to  wait  one  year.    Various  conditions  led  us  to  agree  with  Purdue. 

COMMENCEMENT  PAGEANT  AND  COMMENCEMENT  DRAMA. 

I  believe  that  special  mention  should  be  made  of  the  pageant  planned 
and  supervised  by  Mrs.  Roseboom,  of  the  department,  and  given  on  the 
evening  of  June  10th,  as  a  feature  of  commencement  week.  It  was  a 
great  success.  The  dances  of  all  nations  given  in  costume  by  all  the  girls 
of  the  College  with  the  setting  and  background  of  our  campus  furnished 
an  artistically  beautiful  and  inspiring  spectacle.  It  is  hoped  that  this 
pageant  may  become  an  annual  event. 

The  play  given  by  the  Dramatic  Club  on  Monday  evening  of  commence- 
ment week  is  likewise  worthy  of  high  praise.  This  production  was  directed 
by  Professor  E.  S.  King.  The  out-of-door  performance  of  one  of  Shakes- 
peare's plays  under  the  direction  of  Professor  King  has  become  almost  a 
regular  feature  of  Commencement  week.  In  previous  years  As  You  Like 
It,  A  Midsummer  NighVs  Dream,  and  Twelfth  Night  have  been  given.  This 
year  the  play  was  The  Merchant  of  Venice. 

In  closing  I  wish  to  thank  all  the  members  of  my  department  for  their 
devoted  and  successful  service  to  the  College.  Together  with  Professor 
King,  Mrs.  Roseboom  and  Mr.  Hasselman,  who  in  the  spring  assumed 
duties  lying  outside  the  strict  boundaries  of  the  department,  should  be 
mentioned  Mr.  Mayne,  Mr.  Weaver  and  Mr.  Mitchell,  who  carried  ad- 
ditional classes  in  order  that  the  three  first  named  might  make  a  success  of 
play,  pageant  and  college  publicity.  I  would  also  mention  Mr.  Lebel. 
Both  in  the  classroom  and  outside  of  it  he  has  made  an  enviable  reputation 
during  his  first  year.  His  worth  to  the  College  can  by  no  means  be 
measured  by  his  services  in  the  class  room.  To  you,  to  Secretary  Brown 
and  to  the  members  of  the  Board,  I  would  likewise  extend  my  sincere 
thanks  for  your  unfailing  consideration  and  encouragement. 

Respectfully  submitted, 
W.    W.   JOHNSTON, 
Professor  of  English  and  Modem  Languages, 
East  Lansing;  Mich.,  June  30,  1919. 
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REPORT  OF  THE  DEPARTMENT  OF  HISTORY. 

President  Frank  S.  Kedzie,  East  Lansing,  Mich. 

Dear  Sir — I  submit  the  following  as  my  report  for  the  Department  of 
History  for  the  year  1918-19. 

The  unusual  conditions  prevailing  during  the  war  required  modi- 
fications of  our  regular  departmental  program.  The  Federal  Govern- 
ment, in  its  program  of  training  for  soldiers  included  as  one  of  the  sub- 
jects to  be  given  every  soldier  in  training  a  course  known  as  War  Aims, 
which  should  set  forth  the  historical  causes  of  the  war.  This  order  made  it 
necessary  for  this  department  to  enlarge  its  activities. 

Beginning  with  the  men  of  the  second  vocational  section,  July  15th 
to  September  15th,  each  man  was  required  to  attend  one  lecture  per  week, 
in  which  were  heard  discussed  in  consecutive  order,  the  historical  con- 
ditions existing  from  the  foundation  of  the  German  Empire  to  the  out- 
break of  the  world  war.  In  addition  there  was  presented  the  reasons  for 
each  European  nation  being  engaged  in  this  war,  as  well  as  special  em- 
phasis upon  the  reasons  for  the  entrance  of  the  United  States.  Attention 
was  also  given  to  important  results  of  the  conflict,  such  as  are  found  em- 
bodied in  the  Fourteen  Points  of  President  Wilson. 

These  lectures  were  repeated  for  the  third  vocational  contingent, 
up  to  the  signing  of  the  armistice,  except  as  they  were  interrupted  by 
the  scourge  of  influenza.  In  all,  some  twelve  hundred  men  were  handled 
in  these  two  vocational  groups.  This  work  fell  to  the  lot  of  the  head  of 
the  department. 

With  the  organization  of  the  S.  A.  T.  C.  at  the  opening  of  the  college  year 
the  governmental  order  included  War  Aims  as  a  necessary  part  of  the 
training  of  prospective  soldier  boys.  This  order  brought  five  hundred 
more  students  into  the  department  for  three  hours  of  work  each  per  week. 
The  work  was  conducted  as  follows:  Each  student  was  given  one  lecture 
per  week  in  which  current  matters  were  dealt  with.  Effort  was  made  to 
acquaint  him  with  the  developing  conditions  in  Europe,  many  of  which 
needed  some  historical,  survey  in  order  to  establish  a  clearer  and  more 
adequate  understanding.  For  instance:  such  topics  as  the  Polish  problem, 
formation  of  states  by  the  Czech-Slovaks  and  Jugo-Slavs,  the  Armenian 
troubles,  the  Russian  revolutions  together  with  an  analysis  of  the  govern- 
ments of  England,  France,  Germany  and  Austria.  Also  the  cardinal 
principles  of  international  law  as  understood  by  the  allies  were  considered. 
These  topics  were  of  course  integrally  related  to  President  Wilson^s  Four- 
teen Points  and  to  the  reason  for  the  United  States'  part  in  the  war. 

In  addition  to  this  each  student  was  a  member  of  a  second  group  in 
which  two  hours  per  week  were  devoted  to  the  history  of  Europe  from 
1860  to  the  beginning  of  the  war.  In  this  course  a  text.  Holt  and  Chilton's 
"European  History,"  a  book  written  for  this  purpose,  was  used.  Some 
twenty  sections  were  necessary,  which  were  placed  in  charge  of  members 
of  the  faculty  available  for  this  purpose.  The  department  takes  this  op- 
portunity to  acknowledge  the  services  of  Professors  Bessey,  Conger, 
Hedrick,  Hasselman,  Johnston;  also  Messrs.  Mayne  and  Weaver. 

Professor  A.  C.  Conger  constructed,  with  painstaking  care,  a  large  map, 
eight  by  eight,  of  Western  Europe,  which  was  exhibited  in  the  corridor  of 
the  Agricultural  Hall.  On  this  was  shown  the  positions  of  the  Allied  and 
the  enemy  forces.  The  changes  in  position  were  recorded  for  each  day 
as  the  tide  of  the  battle  progressed.  This  contributed  very  materially  for 
all,  teacher  and  student,  to  an  understanding  of  the  facts  about  the  war. 
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The  War  Aims  course  dosed  with  the  signing  of  the  armistice  for  the 
vocational  men  and  with  the  term  end  for  the  regular  college  student  mem- 
bers. 

With  the  coming  of  the  winter  term  the  department  resumed  its  nor- 
mal functions.  The  subjects  scheduled  for  the  winter  and  spring  terms 
have  been  taught,  but  a  depleted  attendance  has  resulted  in  smaller 
classes. 

For  these  terms  the  work  has  been  handled  l)y  the  regular  staff.  Mrs. 
Minnie  Hendrick  during  the  fall  taught  classes  of  young  women  and  the 
men  who  were  not  in  the  S.  A.  T.  C.  work.  In  the  later  terms  she  has 
participated  in  the  work  as  in  former  years.  Thus  I  have  briefly  summar- 
ized the  activities  of  a  very  busy  as  well  as  a  very  stirring  year.  We  can 
only  hope  that  our  sevices  have  been  of  real  value  in  aiding  the  twelve 
hundred  men  enrolled  in  the  department  in  the  understanding  of  the 
world  war  in  all  its  multitudinous  phases  and  that  the  importance  of 
history  as  a  study  for  any  time  has  been  demonstrated,  not  only  to  stu- 
dents in  college,  but  the  people  in  general. 

Respectfully  submitted, 

E.  H.  RYDER, 
Professor  of  History  and  Political  Science. 
East  Lansing,  June  30,  1919. 

REPORT  OF  THE  DEPARTMENT  OF  ECONOMICS. 

President  F.  S.  Kedzie,  East  Lansing,  Michigan. 

Dear  Sir — The  following  is  a  report  of  the  Department  of  Economics 
for  the  academic  year  1918-19. 

The  total  number  of  enrollments  in  the  department  for  the  year  equalled 
390,  distributed  as  follows: 

By  terms — Fall,  44;  winter,  115;  spring,  181;  summer,  50. 

By  classes — Senior  and  junior,  103;  sophomore,  199;  freshmen,  88. 

By  subjects — Economics,  229;  Sociology,  61. 

Total  number  of  hours  taught  during  the  year,  exclusive  of  S.  A.  T.  C. 
hours  by  members  of  the  department  are  912,  divided  as  follows: 

By  terms — Fall,  72;  winter,  300;  spring,  360;  summer,  180. 

By  subjects — Economics,  732;  Sociology,  180. 

The  use  of  the  college  for  S.  A.  T.  C.  purposes  during  the  fall  term  cut 
down  the  work  of  the  department  to  two  classes,  one  for  non-miUtary 
upper  classmen  and  the  other  for  the  freshmen  who  were  under  draft  age. 
Both  the  members  of  this  department  did  S.  A.  T.  C.  teaching  throughout 
the  fall  term,  Mr.  Dunford  having  five  hours  of  S.  A.  T.  C.  economic 
teaching  and  10  hours  of  supervision  per  week,  Mr.  Hedrick  having  10 
hours  per  week  of  War  Aims. 

In  the  winter  term  the  department  offered  its  customary  number  of 
courses  as  is  true  also  of  the  spring  and  summer  terms.  That  the  average 
attendance  is  so  much  reduced  as  compared  Yiith  previous  years  is  due  to 
the  fact  of  student  absences  from  college  on  account  of  miUtary  duty. 

In  the  college  curriculum  revisions  which  seemed  suitable  this  year  as 
a  result  of  war  alterations,  economics  was  removed  from  the  sophomore 
year  of  the  Engineering  course  and  transferred  to  the  senior  year.  In  the 
Agricultural  course  some  consoUdations  of  two  and  three-hour  subjects  in 
economics  into  five-hour  subjects  were  made.  This  it  was  thought  would 
ijive  more  unity  to  the  offerings  of  the  department. 


Digitized  by 


Google 


114  8*AtB  SOABb  O*  AGftlCULrttrtlfi. 

Both  members  of  this  department  have  had  the  customary  general 
or  non-classroom  services  to  perform.  Professor  Dunford  assisted  during 
many  hours  with  the  courses  in  Telegraphy  for  soldiers  which  was  given 
here.  The  head  of  the  department  had  his  usual  employment  on  the  Social 
Committee,  Course  of  Study  and  Book  Store  Committees,  and  upon  the 
Executive  Councils  of  the  M.  A.  C.  Union  and  M.  A.  C.  Association.  He 
also  gave  a  dozen  or  more  public  addresses  in  various  localities  upon 
various  practical  economic  questions. 

Respectfully  submitted, 

W.  0.  HEDRICK, 
Professor  of  Economics. 
East  Lansing,  June  30,  1919. 

REPORT  OF  THE  DEPARTMENT  OF  PHYSICAL  TRAINING. 

To  the  President,  Michigan  Agricultural  College. 

Sir — I  respectfully  submit  the  following  report  covering  the  work  of 
the  Department  of  Physical  Training  for  the  college  year  1918-19. 

The  fall  term  was  given  over  entirely  to  work  with  the  students  of 
the  Student  Army  Training  Corps;  the  department  staflf  cooperating 
with  the  military  authorities  in  carrying  on  a  comprehensive  program  of 
physical  drill,  recreation  and  athletics.  This  work  became  a  valuable 
part  of  the  work  and  life  of  these  men  stationed  here  in  military  service 
and  contributed  very  largely  to  the  morale,  spirit  and  health  of  the  group. 

January  saw  the  activities  of  the  department  return  to  normal  with 
required  physical  work,  twice  a  week  of  all  freshmen  men,  and  of  all 
sophomore  and  junior  men,  not  taking  military,  and  three  periods  a  week 
of  all  girls  except  seniors.  The  usual  athletic  teams  were  developed  and 
a  great  deal  of  time  and  effort  was  given  to  mass  athletics  and  general 
recreation  for  the  entire  student  body. 

The  work  with  girls  developed  very  largely  during-  the  year.  All  of 
their  work  was  brought  into  the  new  gynmasium,  another  competent 
instructor  was  added  and  the  work  broadened  and  extended  by  adding 
swimming  and  recreative  games. 

The  faculty  has  given  the  department  added  standing  and  opportunity 
by  voting  to  require  physical  training  of  all  students,  beginning  with  the 
opening  of  college  in  1919,  except  during  the  spring  term  of  the  senior  year. 
The  faculty  also  took  steps  to  establish  a  Health  Service  for  the  college. 
This  health  service  will  demand  a  physical  examination  of  all  students  on 
entering  and  supervision  and  education  in  all  health  matters. 

The  new  gymnasium,  which  came  into  full  use  for  the  first  time  during 
the  past  year,  has  proved  splendidly  arranged  and  adapted  for  all  the 
work  of  the  department  and  has  already  proved  it  will  contribute  very 
materially  to  the  health  and  education  of  all  who  come  to  the  institution 
as  students. 

The  department  badly  needs  improved  and  larger  athletic  and  re- 
creative fields.  The  present  field  is  not  only  small,  but  is  so  frequently 
flooded  from  the  waters  of  the  Red  Cedar  that  a  great  deal  of  time  and 
materials  are  lost  each  year  and,  too,  the  danger  of  damage  makes  it 
unwise  to  attempt  extensive  improvements.  The  present  stands  are 
wooden  and  in  bad  condition  and  immediate  steps  must  be  taken  to 
build  substantial  and  adequate  accommodations. 
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The  department  staff  was  considerably  broken  up,  on  account  of  mili- 
tary service,  but  through  adjustments  and  the  willingness  to  carry  extra 
work,  the  institution  did  not  suflfer  materially.  The  Director  of  the 
department  was  on  leave  of  absence  until  Feb.  8,  1919,  serving  as  Director 
of  Physical  Training  and  Recreation  for  the  Southern  Department  of  the 
army.  L.  L.  Frimodig  served  as  Lieutenant  in  the  Artillery  and  came  to 
the  department  as  instructor  Jan.-l,  1919.  George  E.  Gauthier  spent  six 
weeks  in  the  college  instructors  training  camp,  early  in  the  year,  but 
returned  in  October  and  in  addition  to  his  regular  duties  as  instructor, 
acted  as  head  of  the  department,  until  Feb.  8th.  Miss  Edith  Casho  and 
Miss  Helen  Grimes,  instructors  in  the  work  for  women,  were  in  attendance 
the  full  year  and  handled  their  work  admirably. 

The  above  staflF  is  well  trained  and  faithful  and  will  all  return  for  the 
year  1919-20. 

Respectfully  submitted, 

C.  L.  BREWER, 
Director,  Department  of  Physical  Training. 
East  Lansing,  Mich.,  June  30,  1919. 

REPORT  OF  THE  LIBRARIAN. 

President  F.  S.  Kedzie. 

Dear  Sir — I  have  the  honor  to  present  the  following  report  on  the 
library  for  the  year  ending  June  30,  1919. 

During  the  year  there  have  been  added  to  the  library  by  purchase  528 
volumes;  by  binding,  539  volumes  and  by  gift  184  volumes.  Total  ad- 
ditions, 1,251  volumes.    Total  number  in  library,  39,843. 

For  bound  volumes  we  are  indebted  as  follows: 


Beal,  Dr.  W.  J.,  1 
California,   1 

Carnegie  Endowment  for  Interna- 
tional Peace,  1 
Canada,  27 

Chapman,  Prof.  C.  W.,  1 
Connecticut,   2 
Goodrich  Rubber  Co.,  1 
Hinebaugh,  T.  D.,   13 
HaUigan,  Prof.  C.  P.,  1 
Iowa,  5 
Illinois,    3 
Florida,    1 
Kansas,    3 
Maine,  4 
Massachusetts,  9 
Michigan,   49 
Minnesota,  1 


Montana,    2 

Missouri,  2 

New  York,  12 

Nebraska,  6 

New  Jersey,  6 

North  Carolina,  1 

New  Hampshire,  1 

Ohio,  1 

Osborn,  Hon.  C.  S.,  1 

Penn.,  34 

Smithsonian  Institution,  3 

Thijm,  Wm.,  1 

Tennessee,  1 

United  States,  Reports,  11 

U.  S.  Veterinary  Medical  Assn.,  3 

Vermont,  4 

Wheeler,  Wm.  R.,  1 


Of  unbound  books  and  pampnlets  335  have  been  added,  of  which  3  were 
purchased.  Total  number  of  pamphlets,  9,734.  When  donors  were  known 
acknowledgement  was  made. 

The  following  is  a  list  of  publications  received  by  the  library  as  gifts 
from  publishers,  or  in  exchange  for  our  reports  and  bulletins. 
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Agrl.  Gazette  of  Canada. 

Agrl.  Gazette  of  N.  S,  Wales. 

Agrl.  Review. 

Allegan  Gazette. 

America. 

American  Economist. 

American  Farming. 

American  Fruit  Grower. 

American  Food  Journal. 

American    Hebrew. 

American  Iron  and. Steel  Institute, 
Bulletin. 

American  Issue. 

American  Miller. 

American  Poultry  Advocate. 

American  Sheepbreeder. 

American    Swineherd. 

Annals  of  the  Missouri  Botanical 
Gardens. 

Armada  Times  Graphic. 

Ayreshire  Quarterly. 
.  Australasian. 

Australian   Museum,   Records. 

Bean   Bag. 

Boy  Power. 

Brooklyn  Botanic  Garden  Record. 

Belding  Banner. 

Berkshire  World  and  Cornhill  Stock- 
man. 

Better  Business. 

Better   Fruit. 

Blue  Valley  Bulletin. 

Boletin  de  Agricultura,  Sao  Paula. 

Bulletin  of  the  Grand  Rapids  Pub- 
lic Library. 

Bulletin  N.  Y.  Botanic  Gardens. 

Bulletin  Pan  American  Union. 

Bulletin   Boston    Museum   of   Fine 
Arts. 

California  Acad,   of  Science,   Proc. 

Canadian  Forestry  Journal. 

Canadian  Horticulturist. 

Canal  Record. 

California   Citrograph. 

Chester  White  Journal. 

Community    Life. 

Chicago  Packer. 

Christian  Science  Journal. 

Christian  Science  Monitor. 

Christian  Science  Sentinel. 

Commerce   Reports. 

Congressional   Record. 

Dairy  Record. 


Dakota  Farmer. 

Deutsch  Amer.  Farmer. 

Doherty    News. 

Edicon  Monthly. 

Electric  Railway  Journal. 

Electric   Traction. 

Elgin  Dairy  Report. 

Eaton  Rapids  Journal. 

Etude. 

Farm  and  Fireside. 

Farm  and  Home. 

Farm  and  Ranch  Review. 

Farm  Journal. 

Field. 

Field  and  Farm. 

Flour  and  Feed. 

Fruit  Belt. 

Fruitman  and  Gardener. 

Guernsey  Breeders'  Journal. 

Guaranty  News. 

Guaranty  Trust  Co.,  Letters. 

Hoard's  Dairyman. 

Holcad. 

Holstein-Friesian  World. 

Hospidor. 

Illuminating  Engineer. 

India,  Agricultural  Publications. 

Indian's  Friend. 

Illustrated  Review. 

Improvement  Era. 

Indiana  Farmers'  Guide. 

Investment  Bankers'  Assn.  of  Amer-. 
ica.  Bulletins. 

Indicator. 

Ingham  Co.  News. 

International  Institute  of  Agricul- 
ture, Rome.    Publications. 

II  Giornale  d'ltalia  Agricolol. 

Jersey  Bulletin. 

James'  Barn  Magazine. 

Johns  Hopkins  University,  Circulars 

Journal  of  Agrl.  Research. 

Jl.  of  the  Bd.  of  Agrl.  and  Fisheries, 
London. 

Jl.  of  the  College  of  Agrl.,  Tokio. 

Jl.  of  the  College  of  Agrl.,  Sapporo. 

Jl.  of  the  Dept.  of  Agrl.,  S.  Australia. 

Lilly  Scientific  Bulletin. 

Lincoln  Frie  Presse. 

Lister  Institute  of  Preventive  Medi- 
cine, Trans. 

Live  Stock  Reports  (Clay  Robinson) 

Manton  Weekly  Tribune. 
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Midland  Sun. 

Market  Growers'  Journal. 

Message  of  the  East. 

M.  A.  C.  Record. 

Michigan  Farmer. 

Midland  Naturalist. 

Moderator  Topics. 

Modern  Gladiolus  grower. 

Monthly  Bulletin,  Comm'r  of  Hort., 
California. 

Monthly  Crop  Report. 

Monthly  Review,  U.  S.  Labor  Bu- 
reau. 

Michigan  Business  Farmer. 

Michigan  Library  Bulletin. 

Michigan  Patron. 

N.  Amer.  Teacher. 

Nut   Grower. 

National  Farmer. 

National  Grange  Monthly. 

National  Stockman  and  Farmer. 

National  Weather  Biu'eau  and  Crop 
Bulletin. 

N.  Y.  Meteorology,  Draper's  Hourly 
Readings. 

N.  Y.  Produce  Review. 

Official  Bulletin. 

Official  Gazette. 

Ohio  Farmer. 

Orange  Judd  Farmer. 
♦  Our  Dumb  Animals. 

Pan  American  Bulletin. 

Pacific  Dairy  Review. 

Park  and  Cemetery. 

Poland  China  Journal. 

Power   Farming. 

Practical  Farmer. 

Proc.  Amer.  Philos.  Soc,  Phila. 

Progressive  Herald. 

Public  Health  Reports,  U.  S.  Marine 
Hospital. 

Publicity  Magazine. 

Reclamation  Record. 


Philippine  Agrl.  Review. 

Philippine    Agriculturist  and    For- 
ester. 

Philippine  Bureau  of  Science,  Re- 
ports. 

Porto  Rico  Jl.  of  the  Dept.  of  Agrl. 

Progressive  Farmer. 

Rice  Institute  Pamphlets. 

Rhodesia  Agrl.  Journal. 

Rockefeller    Institute   for    Medical 
Research,  Studies 

Russia. 

Scientific  Monthly. 

Seed  World. 

Scripps  Institute  for  Biol.  Research, 

Bulletins. 

Short  Horn  in  America. 

State  Plant  Board  of  Florida,  Quar- 
terly Bulletin. 

Smithsonian  Institution, 
Miscel.  Collections. 
Contrib.  to  U.  S.  Nat.  Herbarium. 
Bulletin  of  U.  S.  Nat.  Museum 

Social  Service  Review. 

Southern  Fruit  Grower. 

Special  Crops. 

Sugar. 

Sunkist  Courier. 

University   of   California,   Publica- 
tions, 

Agrl.  Science. 
Zoology. 

Useful  Poultry  Culture. 

Wallace  Farmer. 

West  Coast  Leader,  Peru. 

Washington  Farmer. 

Weather  Review. 

Weekly  News  Letter. 

West  Indian  Bulletin. 

Western  Honey  Bee. 

White  Breeders'  Companion. 

Williamston  Enterprise. 

Wilson  Bulletin. 


The  publications  of  the  U.  S.  Dept.  of  Agriculture  and  the  bulletins 
of  the  various  Agrl.  experiment  stations,  together  with  the  card  indexes, 
are  received  and  filed  in  the  library. 

The  catalogues  of  the  leading  educational  institutions  of  the  country 
are  received  and  filed.  These  are  received  in  exchange  for  our  own  cata- 
logue. 

The  number  of  books  loaned  for  home  use  was  5,118,  an  average  of 
about  427  per  month.    No  record  is  kept  of  books  used  in  library. 

For  our  student  assistant,  Mr.  Fowle,  we  have  only  words  of  bommen- 
dation,  and  we  are  happy  that  we  are  able  to  retain  him  for  next  year. 
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We  are  indebted  to  the  U.  S.  Department  of  Agriculture  and  the  Uni- 
versity of  Michigan  for  books  loaned  to  us  during  the  year,  and  desire  to 
express  our  appreciation  of  the  courtesies  extended  to  us  by  the  librarians 
in  charge  of  these  libraries. 

The  library  of  the  experiment  station  grows  but  slowly.  The  additions 
during  the  year  number  187,  of  which  15  were  by  purchase,  163  by  binding, 
and  9  by  gift.    The  two  libraries  now  number  44,556  volumes. 

On  the  evening  of  May  12th,  Governor  Sleeper  signed  the  Bill  which 
appropriated  $300,000  for  a  new  library,  and  wc  are  now  looking  forward 
to  the  erection  of  the  building  for  which  we  have  so  long  waited. 

We  are  sure  that  every  one,  faculty,  student  and  alumni,  join  with  us 
in  thanking  the  State  legislature  for  recognizing  our  need  and  meeting 
it,  and  the  Governor  for  signing  the  Bill,  thereby  making  jt  eflFective. 

Respectfully  submitted, 
LINDA  E.  LANDON, 
East  Lansing,  June  30,  1919.  Librarian. 

REPORT  OF  THE  REGISTRAR. 

President  F.  S.  Kedzie,  Michigan  Agricultural  College,  July  15,  2919. 

Dear  Sir — I  have  the  honor  to  present  the  following  report  of  the 
Registrar's  Office  for  the  year  ending  June  30, 1919. 

At  the  opening  of  the  college  year  on  October  1st,  1918,  a  unit  of  the 
Students'  Army  Training  Corps  was  established  and  continued  in  operation 
throughout  the  greater  part  of  the  term.  The  courses  offered  to  the 
members  of  this  unit  were  mainly  those  outlined  by  the  Committee  on 
Education  and  Special  Training  of  the  War  Department  to  prepare  men 
for  the  following  branches  of  service:  Infantry  and  Artillery;  Air  Service; 
Chemistry;  Engineering;  Tank  and  Transport;  Signal  Corps;  Quarter- 
master; and  Ordnance. 

The  courses  were  arranged  according  to  the  plan  of  the  Committee,  in^ 
three  groups.  The  first  for  those  eighteen  years  of  age,  the  second  for  those 
of  nineteen  years  of  age  and  the  third  for  those  of  twenty  years  or  more. 
The  following  table  shows  the  number  in  each  group. 

Eighteoi  yew  group 149 

Infantry  and  Artillery 69 

Air  Service 30 

Engineering 41 

Nineteen  year  group^Tank  and  Transportation 36 

Signal  Corpa 13 

Quartermaster 18 

Chemistry 4 

Totol 201 


Twenty  year  group 


Infantry  and  Artillery 93 

Air  Service 32 

Engineering 37 

Tank  and  IVansporUtion 24 

Signal  Corps 13 

Quartermaster 1ft 

Chemistry 5 

Ordnance 3 


Total 223 

Unaasigned > 13 

Veterinary  Medicine 36 

Total  number  classified 622 

Students  rttpstered  and  inducted  Into  the  Corps  but  who  were  sent  to  O.ficer'^  Training  Camps  before  Classificaticn 56 

Died  of  Influenxa : 9 

ToUl  manber  registered 687 

Of  thit  number  53  ir«rf  enlisted  as  members  of  the  Kaval  unit,  but  owing  to  the  tieall  nvicLer  they  were  assigned  to  one  ot 
(be  eompaaiesb  the  Army  unit  and  tre  Included  in  the  foregoing  poupe. 


Digitized  by 


Google 


t)BPAEl!^BN*  REt^O&I^S. 


119 


In  the  regular  college   courses  the  enrollment    for  the   year  is   as 
follows: 

Agrieulture  and  Forestry 314 

EnglDesring... 244 

HomeEoooomiea 339 

Yeterioary  Medicine 41 

Total 928 

Summer  Sepaoo.  1918 180 

Two  yean  courseain  Agriculture 24 

Sght  Weeks  Goarsesin  Agriculture 109 

Four  Weeks  Course  in  Farm  T^ton 166 

Total 359 

Soldiers  and  Sailors  prqiaratory 11 

Total 1,478 

Namesiepeated 109 

NetTotal 1.360 

ENROLLMENT  BY  TERMa 


CojTse. 

Fall. 

Winter. 

Spring 

Agriculture  and  Forestry 

61 

54 

306 

10 

7 

259 
231 
303 
42 
10 

290 

Fngimmring.... 

224 

HomeEcooofnics 

291 

Veterinary  Medicine 

40 

Gradmt?."...^..;;:;:;;;;;:;;;;;;::;::;:: ;:;::::::::::::;:  ::::::::: 

7 

Soldiers  and  Sailors  Preparatory 

u 

Totals 

438 

845 

863 

ENROLLMENT  BY  CLASSES. 


AOTCulture 
and  Forestry 

Engineering. 

Home 
Eccoomios. 

Veterinary 
Medicine. 

Total. 

Graduates 

6 
62 
64 

5 
64 
76 
62 
110 
12 

11 

Seniors ....                   .... 

23 
32 

16 
13 
7 
5 

165 

Juniors 

185 

Sopbomorea 

59                  57 

185 

Freshmen 

108 
15 

132 

355 

Special  Students.   ...                           ... 

27 

GEOGRAPHICAL  DISTRIBUTION  OF  STUDENTS. 
MICHIGAN. 


Alger 

Hillsdale 

Houghton 

Huron 

Ingham 

Ionia 

Iosco... 

Iron 

Isabella 

Jackson 

Kalan)asoo 

Kalkaska 

13 

10 

14 

187 

17 

6 

1 

2 

26 

13 

2 

Mi«aukee 

Monroe 

Montcalm 

Muskegm 

Newayfto 

AlEpenn 

11 

Alpena 

Antrim 

Arenac 

Baraga 

Barry 

Bay.. 

Benne .     .  . 

oSSS.. : 

Ooeana 

Ogomaw 

Ontonagon 

Osceola 

Ottawa 

Preeauelsle 

16 

13 

Bwrien 

Branch 

17 

!.*..'!!!!    16 

Calhoun 

Case 

Kent 

Lapeer 

liCelanau  ...   

32 

15 

1 

11 

Charlevoii 

Kosconunon 

SISlIT::...::;;:::::: 

Lenawee 

Livingston 

Luce 

Mackinac 

17 

7 

1 

1 

Saginaw 

Sanilac 

Schoolcraft 

Shiawassee 

St.  Clair 

21 

15 

aintoo 

Delta 

11 

. . . . ! !        19 

DiokiiMm 

.' " . . .' .'.'.      27 

Macomb 

7 

18 

Eaton 

Manistee 

Marquette 

Mason 

Mecosta 

Menominee 

Midland 

4 

3 

10 

3 

1 

4 

St.  Joseph 

Tuscola 

Van  Buren 

Genesee 

20 

16 

Gladwin 

Gogebic 

(kand  Traverse 

.* . . . ....      14 

Washtenaw 

Wayne 

Wexford 

'.'.'.'.'.'.       47 
1 

Gratiot 

11 

" 
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LOTHER  STATES  AND  COUNTRIES. 


CaliforiLa 2 

China 2 

Connecticut 2 

Delaware 2 

Florida 2 

Greece 1 

Illinob •. 19 

Indiana 3 

Japan 1 


Kansas 1 

Kentucky 2 

Maine 1 

Maryland 1 

Mexico 1 

Maasaohuaetta 2 

Minnesota 3 

New  Hampahire 1 

NewJeney 4 


NcwYork 24 

Ohio 26 

Oklahoma 1 

Pennsylvania 4 

Fhilliittnels 1 

Texas 1 

Vermont 5 

West  Virginia 1 

Wisconsin 2 


STUDENTS  ENTERING  DURING  THE  YEAR  1918-19. 

Number  Enrolled. 

Agricultural  and  Forestry  Course 107 

Engineering  Course 124 

Home  Economies  Course 115 

Veterinary  Medicine  Course 14 

Total ; 360 

Preparation. 

Graduates  of  Accredited  High  Schools 317 

High  School  Credits  and  Examinations 8 

Credits  from  other  Colleges 36 

Total 360 

DEGREES  GRANTED  JUNE  11,  1919 

BACHKLOB  Off  BOIBMCB. 

a.  Agriculture;  c,  Engineering;  h.  Home  Econooiios;  f ,  Forestry. 
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DOCTOB  or  VmBIKABT  MIDICIIII. 


Baxter,  Earle  Gilbert 
Colby,  Stanley  Gould 
Dunn,  Alexander  Renny 
¥  lower,  KellogR  Loya  1 
Gordon,  Max  Matthew 
Hanson,  Karl  Burchard 
Kniogcr,  Keith  f  wtune 


LaBar,  Chauncey  Floyd 
RoblxnBi  Bernard  Dewitt 
Smith,  Edwin  Reed 
Tonney,  Gerald  Dean 
Tenney,  Norman  Harrison 
Trubey.  George  William 
Welsh.  Mark  Frederick 


UASTKR  or  8CIKNCK. 

Foster  Rudolph 
Ruth  Dorothy  Normington 
Stanley  George  Bondeen 

CHBMICAL  ■NQOmR. 

Henry  Eveleth  PuUow 

MBCHANICAL  KNOINXKR 

Ihrold  Madison  Jacklin. 

UARTCR  or  rORKTRT. 

Earl  C.  Sanford. 

MASTKB  or  HOimCULTDBS. 

Harold  Sterling  Bird 
Edmund  Harrison  Gibson 

Irvin  Thomas  Kckford. 
DEGREE  GRANTED  NOVEMBER  20, 1919. 

BAOHZLOB  or  80IBMCI. 

Frank  E.  Semon,  was  of  Class  of  '89. 
DEGREES  GRANTED  DECEMBER  20. 1918. 

BACHXLOB  or  SCIXMCB. 

Amiotte,  Zeneda  Marie,  h.  Laidlaw,  Orville  William,  a. 

Bigelow.  Zella  Ethel,  h.  Sims,  John  Wilson,  a. 

Fogle,  Flmrd  Earl,  a.  Snow.  Alto  Ada,  h 

Higgins,  Ethel  Mabdl,  h.  Weidemann.  Anidrew  George,  a. 

Keasler,  Nicholas  Atoysins,  f.  Wood.  Wilbur  Warren,  a. 

DOCTOR  or  VKTBRINABT  MKDiaNB. 

Stanly  George  Bandeen. 

SUMMARY  OF  DEGREES  GRANTED  DURING  THE  YEAR  OF  1918-19. 
Bachelor  of  Science: 

Agricultiffal  Course 36 

Engineering  Course 6 

Home  Economics  Course 62 

Forestry  Course 2 

Doctor  of  Vc terinary  Medicine 15 

Master  of  Science 3 

Professional  Degrees 6 

130 

NaTnes  repeated T 1 

Totel 129 

The  efficiency  of  this  office  has  been  greatly  increased  by  the  addition 
of  two  safe  ffiing  cabinets  to  our  equipment.  These  cabinets  are  fire 
proof  and  are  sufficiently  large  to  enable  us  to  store  all  the  student  records 
of  the  College  besides  other  valuable  reports. 

At  this  time  I  wish  to  express  my  appreciation  of  the  assistance  rendered 
by  my  co-workers,  Miss  Anna  Ferle,  Assistant  Registrar,  and  Miss  Agnes 
Kerr,  who  has  been  employed  as  stenographer  during  the  year. 

Respectfully  submitted, 

ELIDA  YAKELEY, 
East  Lansing,  June_30,'^1919.  Registrar. 
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REPORT  OF  THE  MILITARY  DEPARTMENT. 

President  F.  S.  Kedzie: 
The  undersigned  was  relieved  from  duty  at  this  institution  on  Sept.  19, 

1918,  to  take  command  of  the  S.  A.  T.  C.  at  Wesleyan  University,  Con- 
necticut, and  returned  to  duty  here  Jan  2,  1919. 

The  usual  troubles  incidental  to  a  period  of  re-construction  were  experi- 
enced, the  students  being  sick  of  military  training  and  the  apparent  hope- 
less purpose  of  the  S.  A.  T.  C.  For  three  month  the  students  "bucked" 
but  were  finally  won  over  to  the  safe  and  sane  view  of  military  training 
and  then  settled  down  to  make  up  for  lost  time.  The  students  who  had 
been  the  strongest  in  opposition  became  the  strongest  supporters  of  the 
department. 

The  corps  carried  out  everything  desired  by  the  War  Department — in 
brief  with  but  two  terms  available,  we  covered  the  ground  laid  kown  for 
three  terms.  The  gallery  firing  showed  a  noticeable  improvement  over 
that  of  the  preceding  year.  Last  year  the  students  fired  an  average  of 
84%,  this  year,  87%,  with  the  War  Department  requiring  but  60%  a 
standard,  the  attitude  of  the  students  and  their  ability  to  DO  work  when 
given  them  in  the  right  way  is  well  illustrated. 

The  annual  inspection,  given  by  Lt.  Col.  Hester,  General  Staff,  was  in 
the  early  part  of  May.  All  day  Friday  and  all  the  morning  of  Saturday 
were  devoted  to  demonstrations,  each  and  every  phase  of  our  instruc- 
tion. This  demonstrating  was  carefully  planned  and  most  successful.  Col. 
Hester  stated  that  we  had  done  everything  that  the  War  Department 
wanted,  in  the  way  the  department  wanted  and  was  more  than  pleased. 
"You  do  not  appear  to  have  been  affected  at  all  by  the  S.  A.  T.  C.  inter- 
ruptions as  were  the  other  colleges".  At  the  review  he  thought  we  had 
practiced  a  long  time  and  was  surprised  that  the  students  had  had  only 
two  prior  drills  in  the  formation.  He  asked  more  questions  than  any  in- 
spector I  have  yet  had  and  more  than  90%  of  the  questions  were  ans- 
wered correctly  and  promptly. 

As  a  result  of  the  inspection,  Michigan  Agricultural  College  was  placed 
in  the  *' Distinguished  Class"  by  War  Department  orders.  This  is  the  first 
time  in  the  long  history  of  M.  A.  C.  that  the  college  has  gained  this  high 
honor.  Only  12  colleges  in  the  entire  United  States  are  so  designated  and 
four  of  those  are  essentially  military  schools  such  as  Virginia  Military  In- 
stitute and  The  Citadel. 

With  three  full  terms  ahead  foi  next  year  there  is  no  reason  to  doubt 
our  ability  to  again  gain  honors.    Cadet  Major  Daniel  W.  Kent,  class  of 

1919,  was,  with  the  approval  of  the  president,  nominated  as  "Honor 
Graduate"  and  certified  as  eligible  to  appointment  as  second  lieutenant 
in  the  regular  army.  I  have  not  yet  heard  whether  he  has  been  appointed 
but  he  doubtless  will  be  as  soon  as  a  vacancy  and  new  appointments 
occur. 

Sgt.  Chas.  H.  Robinson  deserves  great  praise  for  his  unswerving  loyalty 
and  tactful  manner  in  handling  the  students  during  the  trjdng  times  of 
reconstruction. 

Respectfully  submitted, 

P.  G.  WRIGHTSON, 
Major  U.  S.  Army. 
East  Lansing,  June  30,  1919, 
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SUMMER  QUARTER  REPORt. 

President  F.  S.  Kedzie,  College. 

My  dear  Sir — On  January  27,  1919  the  faculty  voted  as  follows:  "It 
is  recommended  that  the  summer  session  be  extended  to  two  terms  of 
six  weeks  each,  the  courses  of  each  term  to  begin  and  terminate  within 
each  such  term/' 

Also,  "That  the  committee  recommend  to  the  faculty  that  the  Board 
of  Agriculture  be  asked  to  authorize  the  giving  of  a  one  year's  special 
college  preparatory  course  to  soldiers  and  sailors  who  desire  to  pursue  a 
four  years'  course,  but  have  not  completed  a  High  School  course." 

Upon  these  two  pieces  of  legislation  the  plans  of  the  summer  quarter 
have  been  developed  and  administered.  The  purpose  voiced  in  the  above 
cited  legislations  of  the  faculty  was  special  service  to  two  classes  of  in- 
dividuals viz.,  the  regular  students  of  the  institution  and  another  group 
who  had  never  enrolled. 

The  needs  of  the  first  group  were  occasioned  by  the  fact  that  the  men 
had  been  drawn  into  the  military  service,  resulting  in  the  loss  of  one  or 
more  terms  of  college  work.  In  a  large  number  of  cases  the  loss  was  con- 
fined to  the  fall  term  of  the  year  1918,  since  the  signing  of  the  armistice  in- 
stituted the  process  of  returning  men  to  civil  life  sufficiently  early  to  en- 
able many  students  to  resume  college  courses  with  the  second  term,  be- 
ginning in  January.  Others  arrived  at  different  times  in  the  successive 
weeks.  Obviously,  these  men  could  not  complete  their  year's  work  at  the 
end  of  the  regular  year.  It  is  equally  clear  that  many  would  be  delayed 
-the  whole  or  the  greater  part  of  another  college  year  unless  courses  could 
be  made  available  earlier.  The  College  adopted  the  policy  of  reinstating 
every  student  in  his  work  in  the  most  advantageous  way.  Engineers 
resumed  with  fall  work  because  of  prerequisites;  agriculturals  pursued 
winter  subjects  at  once.  In  any  case  an  additional  quarter  was  necessary 
to  complete  the  year  of  work  before  the  next  college  year.  For  senior 
engineers  the  spring  term  work  would  be  needed  while  agricultural  stu- 
dents would  need  the  fall  subjects. 

For  underclassmen  there  were  two  reasons  for  relief.  In  the  case  of 
many  engineers,  there  was  necessity  for  removing  prerequisite  work  in 
order  to  classify  in  the  next  college  year.  In  other  cases  it  was  a  matter 
of  catching  up  in  one's  course. 

To  meet  these  needs  the  College  took  the  above  steps  in  deciding  to 
offer  two  summer  terms  for  the  accommodation  of  these  men.  Such 
courses  as  would  enable  seniors  one  term  in  arrears  to  complete  their 
courses;  prerequisite  courses  for  underclassmen;  and  a  liberal  number  of 
other  courses  to  assist  any  students  to  advance  satisfactorily  in  their 
respective  courses.  The  provisions  made  for  returned  soldiers  and"  sailors 
were  maintained  through  the  terms  of  the  summer  quarter.  As  a  result 
a  number  of  men  will  be  in  readiness  for  entrance  to  college  at  the  opening 
of  the  fall  term.  The  statistics  below  show  to  what  extent  the  student 
body  and  soldiers  and  sailors  availed  themselves  of  this  service. 
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First 

Doocma 

Term. 

Term. 

118 

46 

116 

-     27 

48 

2 

5 

1 

7 

6 

12 

0 

14 

14 

62 

11 

Number  of  AgiieultunU  Students  in  Attendance 

Number  of  E^neering  Students  in  Attendanee 

Number  of  Home  Economies  Students  in  Attendance 

Numberof  Veterinary  Students  in  Attendance 

Number  of  Post-Oraduate  Students  in  Attendance . . 

Numberof  Rural  School  Teachers  in  Attendance 

Number  of  Prqnratcoy  Students  in  Attradanoe 

Numberof  ^)ecial  Students  in  Attendance 

Total 


381 


106 


Agricultural. 

Home 
Economies. 

Veterinary. 

Preparatory. 

Term - 

1st. 

2nd. 

Ist. 

2nd. 

Ist. 

2nd. 

Ist. 

2nd. 

Ist. 

2nd. 

Graduate 

7 
21 
47 
20 
26 

5 
20 

5 

4 
14 
11 
12 
6 
6 

1919  Seniors 

13 
28 
32 
38 
12 

1 

13 
15 
15 

4 
46 

1920  Seniors 

Juniors 

1 
... 

2 

2 

1 
2 

Sophomores 

Freshmm 

1 

^lecial    . 

Preparatory 

14 

14 

1 

Total 

146 

58 

123 

29 

94 

4 

5 

14 

14 

Total  First  Term 

381 

Total  Second  Term     

106 

Total  for  Quarter  

487 

Number  of  Courses — Agricultural,   18;  Engineering,  22;  Home  Eco- 
nomies, 9;  Veterinary,  1;  General  Science.  56. 

Number   of   students   completing   courses   during   summer   quarter — 
Agricultural,  25;  Engineering,  14;  Home  Economics,  1;  Veterinary,  O. 
Number  of  Instructors — 1st  term,  66.    2nd  term,  20. 
Total  cost  for  instruction— ^Ist  term,  $13,059.50;  2nd  term,  $4,000. 
Number  of  former  students  enrolled — 1st  term,  143.     2nd  term,  86. 
Number  of  new  registrants — 2nd  term,  25. 
Number  of  students  in  residence  both  sessions,  81. 
Special  Lecturers  for  Conference  and  Summer  Quarter. 

Dr.  L.  H.  Bailey,  Ithaca,  New  York,  one  lecture. 

Dr.'  Lloyd  C.  Douglas,  Ann  Arbor,  Michigan,  two  lectures. 

Dr.  A.  E.  Ross,  Madison,  Wis.,  four  lectures. 

Prof.  H.  H.  Severn,  Kalamazoo,  Michigan,  ten  lectures. 

Summer  School  Attendance  in  1915 223 

Summer  School  Attendance  in  1916 175 

Summer  School  Attendance  in  1917 239 

Summer  School  Attendance  in  1918 182 

Summer  School  Attendance  in  1919 (1)  381 

(2)  106 
487 
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The  above  statistical  data  is  given  in  anticipatioti  that  it  may  answer 
a  large  number  of  inquiries  concerning  the  summer  quarter;  also  that  it 
may  serve  as  a  basis  for  determining  the  future  policy  of  the  college  relative 
to  summer  session  activities.  While  the  present  quarter  has  been  offered  as 
an  emergency  session,  it  is  inevitable  that  the  question  shall  arise  as  to 
whether  the  institution  ought  to  be  kept  open  for  a  full  quarter  during 
the  succeeding  summers. 

It  may  not  be  amiss  at  this  point  for  me  to  direct  attention  to  certain 
considerations  pertaining  to  the  session  just  closed. 

First.  There  is  no  question  as  to  the  wisdom  of  this  year's  poUcy  of 
the  faculty.  Many  students  have  been  very  materially  assisted  by  being 
able  to  complete  their  course  this  summer;  in  fact,  we  would  have  been 
negligent  of  our  obligations  if  we  had  done  otherwise  than  to  make 
available  a  quarter's  work  in  this  particular  year. 

Second.  There  can  be  no  doubt  that  many  students  were  here  not 
because  of  war  emergency,  but  because  they  desired  to  hasten  the  date 
of  graduation.  The  young  women  came  largely  in  this  class.  It  is  im- 
possible to  give  the  exact  figures  for  the  men.  This  means  that  there  is 
some  inclination  on  the  part  of  the  student  body  to  make  use  of  a  full 
summer  quarter.  The  problem  as  to  how  great  an  obligation  rests  upon 
the  College  to  furnish  the  opportunity  is  one  that  may  well  be  studied 
before  it  is  disposed  of.  At  least  it  should  not  be  dismissed  without  the 
hearing  which  educational  interests  and  policies  demand  today.  The 
fact  that  such  universities  as  Cornell  and  Missouri  have  arranged  their 
curricula  for  summer  period  is  evidence  of  the  attitude  of  these  colleges. 
I  suggest  that  a  committee  of  three  be  appointed  by  the  President  to 
consider  this  question  and  report  its  findings  at  an  early  meeting  of  the 
faculty. 

Third.  The  activities  of  this  season  have  made  the  most  extensive 
use  of  the  institution's  educational  facilities  that  has  been  made  during 
the  summer  in  recent  years.  It  raises  the  question  as  to  what  extent  the 
great  equipment  of  such  a  plant  should  be  actively  employed  in  an  educa- 
tional capacity  throughout  the  year. 

Fourth.  The  benefit  of  the  summer  session  has  not  been  wholly  in 
behalf  of  the  student.  This  year  in  particular  it  has  given  to  the  teaching 
force  a  supplementary  employment  at  a  time  when  our  salary  problem  is 
peculiarly  delicate.  It  is  an  admitted  fact  that  teachers  are  suffering  ex- 
cessively from  the  high  cost  of  living.  The  additional  income  of  this  season 
has  been  a  welcome  boon  at  this  time. 

Fifth.  Reference  to  the  statistics  shows  the  presence  in  our  summer 
session  of  a  considerable  number  of  students  who  are  not  regular  attend- 
ants of  the  College.  Experience  has  proven  that  it  is  a  difficult  matter 
to  attract  these  outsiders.  However,  they  are  in  most  instances,  a  very 
valuable  addition  to  our  student  body.  I  believe  it  would  be  an  effort 
worth  while  to  endeavor  to  secure  a  larger  enrollment  of  this  type  of 
student.  Strange  as  the  statement  may  seem,  still  I  beUeve  it  to  be  true 
that  there  are  many  who  do  not  realize  the  opportunities  which  this  in- 
stitution affords  in  an  educational  line.  It  may  be  expected  that  through 
the  development  of  education  along  the  line  of  agriculture  and  home 
economics  under  the  Smith-Hughes  legislation,  the  College  is  going  to 
find  many  mature  men  and  women  coming  to  its  campus  for  the  instruction 
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necessary  for  public  school  work.  This  summer's  enrollment  has  shown 
this.  The  summer  period  is  advantageous  for  such  students  and  we  may 
well  prepare  to  render  the  service  for  all  such  and  for  others  who  may  be 
attracted  here  for  various  purposes. 

A  very  excellent  feature  was  introduced  this  year  in  the  form  of  a 
series  of  lectures,  extending  through  one  week,  by  the  faculty  of  the 
Agricultural  Division  for  the  benefit  of  teachers  of  agriculture  in  the  high 
schools  of  the  state.  This  project  was  in  charge  of  Professor  French 
and  Director  Gallup.  These  men,  the  most  of  whom  had  been  out  for 
some  time,  pronounced  it  a  very  valuable  service. 

Several  conferences  were  held  during  the  first  six  weeks.  Reports 
for  those  in  Home  Economics  and  Boys'  and  Girls'  Clubs  appear  else- 
where. The  Rural  Conference  deserves  a  word  in  this  report.  This  con- 
ference brought  to  the  campus  for  one  week  more  than  one  hundred  men 
and  women,  chiefly  rural  ministers.  Of  these  forty  men  enrolled  in 
the  short  course  work  for  one  week  and  fifteen  remained  for  a  second 
week  of  this  work.  This  effort  of  the  College  in  holding  a  conference 
and  short  course  work  is  directed  toward  men  and  women  occupying  con- 
spicious  and  responsible  places  in  society  and  is  well  worth  while  in 
its  results  for  community  betterment.  The  prospects  for  its  growth 
and  greater  eflSciency  were  never  more  promising  than  at  the  close  of 
this  season's  conference. 

In  closing  I  would  call  your  attention  to  the  work  of  our  students 
during  the  quarter.  It  has  been  a  term  of  exceptional  hard,  earnest 
work  on  their  part,  and  I  think  more  has  been  accomplished  in  the  courses 
than  is  done  in  the  regular  terms. 

The  splendid  cooperation  of  our  teachers  has  made  the  quarter  one 
of  profit  and  success  for  the  College.  As  director,  I  am  greatly  indebted 
to  Professors  A.  C.  Conger  and  C.  S.  Dunford  for  assistance  in  classif3dng 
students.  Respectfully  submitted, 

E.  H.  RYDER, 
Director  Summer  Sessions. 

REPORT  OF  THE  ALUMNI  RECORDER  FOR  THE  YEAR  1918-1919 

President  F.  S.  Kedzie,  Michigan  Agricultural  College. 

Dear  Sir — The  following  is  the  annual  report  of  the  Alumni  Recorder 
for  the  period  beginning  July  1,  1918  and  ending  June  30,  1919. 

The  work  of  keeping  in  touch  with  the  alumni  of  the  College  has  gone 
forward  during  this  period  under  conditions  such  as  have  rarely  obtained 
before.  The  war  situation  up  until  the  signing  of  the  armistice,  when 
such  great  numbers  of  men  were  drawn  into  the  conflict  either  in  active 
service  in  the  army  and  navy  or  in  civilian  branches,  followed  by  the  rapid 
demobilization  at  the  close  of  the  war  and  the  returning  of  our  men  to 
civilian  occupations  has  placed  an  unusual  task  upon  the  alumni  oflSce. 

Our  records  show  that  over  1,400  M.  A.  C.  men  went  into  active  service 
for  the  nation  with  the  army  and  navy  exclusive  of  the  S.  A.  T.X.  We 
are  now  working  up  the  service  records  of  each  of  these  men  and  gathering 
as  much  data  and  information  as  possible  looking  toward  the  publication 
of  a  history  of  the  College  during  the  war.  Already  we  have  completed 
records  with  photographs  for  nearly  1,000  of  these  men  and  the  rest  are 
being  gathered  as  rapidly  as  possible.  Some  forty  of  our  graduates  and 
former  students  gave  their  lives  in  the  great  conflict  and  at  commence- 
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ment  time  a  grove  was  planted  in  their  memory  and  a  tablet  containing 
their  names  has  been  placed  upon  a  field  stone  at  the  edge  of  the  grove. 

Not  only  has  the  College  made  a  wonderful  showing  in  the  number 
of  her  sons  that  responded  to  the  call  of  the  nation  but  these  men  individu- 
ally have  carried  themselves  throughout  the  fighting  on  the  allied  line 
in  such  a  manner  as  to  bring  added  honors  to  the  bnlliant  record  of  the 
institution.  Between  fifteen  and  twenty  graduates  and  former  students 
have  won  decorations  from  the  United  States  government  and  from 
French  and  British  governments  for  valor  and  distinguished  service  in 
action.  One  of  our  men,  Harold  Furlong,  with  the  class  of  1918,  was 
awarded  the  Congressional  Medal  of  Honor  which  is  the  highest  reward 
that  the  United  States  can  give  her  soldiers.  Less  than  fifty  such  decora- 
tions were  made  during  the  war  and  to  have  an  M.  A.  C.  student  receive 
one  of  these  is  a  distinct  honor. 

The  War  History  work  that  I  have  mentioned  above  now  being  undertaken 
in  sequence  of  the  collection  of  the  war  records  of  the  individual  soldiers 
and  sailors  of  M.  A.  C,  contemplates  a  historical  recording  of  the  activities 
of  the  institution  during  the  war  and  the  war  work  that  was  carried 
on  on  the  campus  by  the  various  departments. 

As  a  gift  from  the  College  and  from  the  M.  A.  C.  Association  980  men 
were  receiving  the  M.  A.  C.  Record,  the  College  weekly  publication, 
at  the  time  of  the  armistice.  That  they  appreciated  this  gift  and  that 
it  has  won  much  favor  for  the  College  is  shown  by  the  maijy  letters  of 
thanks  which  our  men  have  sent  in  regarding  it. 

The  work  of  reorganizing  the  local  alumni  associations  was  taken  up 
inmiediately  after  the  closing  of  the  war  and  up  to  the  first  of  June  ten 
of  the  branch  M.  A.  C.  Associations  had  reorganized  and  were  back  on  a 
pre-war  basis.  The  mother  association  also  demonstrated  that  it  was  re- 
turning to  a  normal  state  through  a  reunion  at  commencement  time, 
June  11th,  attended  by  over  500  enthusiastic  graduates  and  former  stu- 
dents. Alumni  support  was  solicited  and  bountifully  given  to  the  legis- 
lative measures  passed  by  the  present  legislature  providing  appropriations 
for  two  new  buildings  for  the  campus.  The  alumni  gave  their  active  sup- 
port and  were  largely  responsible  for  bringing  both  measures  to  a  successful 
passage. 

The  outstanding  feature  of  the  year's  work  has  been  the  launching 
of  a  campaign  for  a  Union  Memorial  Building.  A  Union  Building  at 
the  College  has  been  talked  of  for  several  years  and  with  the  close  of 
the  war  there  was  immediately  presented  the  question  of  an  appropriate 
memorial  to  those  men  of  ours  who  gave  their  lives  in  the  great  struggle 
and  to  the  men  and  women  of  the  College  who  participated  in  it  actively. 
It  appeared  to  the  executive  committee  of  the  alumni  organization  that 
the  memorial  could  well  take  the  shape  of  a  Union  Building  and  as  such 
be  a  permanent  and  very  useful  commemoration  to  our  war  heroes.  It 
is  the  idea  that  the  building  will  serve  as  a  community  and  social  center 
for  the  campus  and  be  a  college  home  for  students,  alumni,  faculty  and 
friends  of  M.  A.  C.  The  campaign  was  definitely  launched  at  the  Com- 
mencement Alumni  Luncheon  and  subscriptions  amounting  to  $36,000 
were  made  at  that  time  which  very  firmly  established  the  project.  During 
the  coming  year  the  organization  work  and  a  complete  campaign  of  the 
alumni  and  student  body  will  be  made  with  a  goal  of  $150,000  in  view  for 
a  Union  Memorial  Hall.  Respectfully  submitted, 

C.  W.  McKIBBIN, 
East  Lansing,  June  30,  1919.  Alumni  Recorder. 
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REPORT   OF  THE  STATE  INSPECTOR    OF    ORCHARDS  AND 

NURSERIES 

To  the  State  Board  of  Agriculture. 

Gentlemen — In  some  respects  the  work  of  this  department  has  been 
simplified,  as  compared  with  past  years,  by  the  fact  that  orchard  in- 
sects and  diseases  have  been  less  troublesome  than  usual.  This  has 
been  due  in  part  to  the  fact  that  owing  to  the  severe  winter  of  1917-18 
a  very  large  proportion  of  the  peach  trees  have  been  removed,  which 
has  lessened  the  number  of  cases  of  yellows  and  little  peach.  The  same  and 
other  causes  have  lessened  the  ravages  of  the  San  Jose  scale.  In  this  case, 
however,  not  only  have  the  host  trees  been  destroyed,  but  the  number  of 
the  insects  have  been  reduced  in  part  by  the  severity  of  the  winter,  and 
also  by  various  parasites  and  by  the  unfavorable  weather  during  the  sum- 
mer of  1917. 

ORCHARD  INSPECTION  WORK. 

The  high  prices  obtained  for  the  various  fruits,  as  well  as  from  the  fact 
that  the  lessening  of  the  number  of  the  San  Jose  scale  made  them  more 
hopeful  of  success,  has  led  to  increased  attention  to  the  orchards  and 
greater  interest  in  spraying.  In  many  sections  there  are  abandoned  or- 
chards in  the  neighborhood  of  young  and  healthy  orchards,  and  since 
these  orchards  are  generally  infested  with  various  dangerous  insects  and 
diseases  we  have  had  frequent  calls  to  have  the  trees  cither  destroyed  or 
given  proper  attention. 

WHITE  PINE  BLISTER  RUST  CONTROL. 

The  cooperative  agreement  with  the  Federal  Department  of  Agriculture 
relating  to  the  scouting  for  trees  infected  with  the  White  Pine  Blister  Rust 
has  been  continued. 

During  July,  August  and  September,  a  half  dozen  or  more  inspectors 
under  the  direction  of  and  paid  by  the  Department  of  Agriculture,  covered 
a  considerable  portion  of  the  State,  especially  along  the  eastern  and 
western  sides,  but  were  not  able  to  find  any  indication  of  the  presence  of  the 
disease,  either  in  five-leafed  pines,  currants  or  gooseberries. 

Early  in  April,  1919,  the  work  was  again  taken  up,  and  within  a  few 
days  the  disease  was  found  in  a  white  pine  in  Oakland  County  which 
had  been  purchased  several  years  ago  from  one  of  the  nurseries  in  which 
the  disease  was  found  in  1918.  Fortunately  the  disease  had  not  developed 
spores  and  it  is  hardly  likely  that  is  has  spread  to  any  of  the  Ribes  in  the 
vicinity.  Thus  far  the  blister  rust  has  only  been  found  in  two  nurseries 
in  Oakland  county,  and  in  trees  on  two  places  which  had  been  sold  by 
one  of  these  nurseries.  Careful  examination  of  the  ribes  in  the  vicinity 
of  where  the  infected  trees  were  found  has  failed  to  show  any  indication 
that  the  diease  had  spread  from  the  infected  pines. 

At  this  time  the  blister  rust  has  spread  over  the  greater  part  of  New 
England,  and  through  the  eastern  and  northern  portions  of  New  York, 
and  has  obtained  a  good  foothold  in  Wisconsin  and  Minnesota,  besides 
having  been  found  in  southeastern  Pennsylvania,  New  Jersey  and  Ohio. 
It  is  fortunate  for  the  forest  and  fruit  interests  of  Michigan,  as  well  as  for 
the  nurseries,  that  the  Federal  government  was  so  prompt  in  starting  eradi- 
cation  measures. 
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THE  BARBERRY  CAMPAIGN, 


As  was  stated  last  year  we  also  have  a  cooperative  arrangement  with 
the  Bureau  of  Plant  Industry  of  the  U.  S.  Department  of  Agriculture 
for  the  eradication  of  barberry  bushes  which  harbor  the  black-stem-rust 
of  wheat.  This  includes  not  only  the  green  and  purple  leaved  forms  of 
the  common  barberry  (Berheris  wlgaris),  but  several  other  species, 
including  Berberis  Canadensis,  B.  Sinensis,  B.  Uicifoiium  and  B,  aqui- 
folium  or  mahonia,  besides  some  twenty  other  species  which  have  been 
little  planted  in  Michigan. 

Although  under  the  agreement,  the  scouting  was  to  be  done  by  the 
Department  of  Agriculture,  owing  to  the  failure  of  the  appropriation 
bills,  very  little  was  doiie  by  its  inspectors  during  the  summer  and  in  order 
that  the  barberries  might  be  located  and  destroyed  as  soon  as  possible, 
two  of  the  regular  inspectors  of  this  department  were  assigned  to  bar- 
berry inspection  when  they  could  be  spared  from  other  duties,  and 
three  others  were  specially  employed  for  the  work  during  July,  August 
and  September.  Later  on,  the  depJartment  of  Agriculture  put  on  a  force 
of  seven  to  ten  men.  The  winter  was  unusually  favorable  for  the  work 
and  it  was  continued  with  little  interruption,  with  the  result  that  when 
spring  opened  all  of  the  cities  and  larger  towns  had  been  scouted,  and 
many  of  them  had  been  covered  a  second  time,  to  make  sure  that  all 
had  been  found   and   removed. 

In  addition  to  very  large  numbers  in  the  parks,  cemeteries  and  private 
grounds  which  were  removed  and  no  report  made,  before  the  regular 
canvass  began,  barberries  were  located  by  the  inspectors  on  over  1,000 
places  in  the  city  of  Detroit  alone,  and  the  number  reported  by  them 
was  nearly  150,000.  Several  of  the  smaller  cities  had  even  more  in  pro- 
portion to  the  number  of  homes. 

With  very  few  exceptions  the  owners  removed  them  promptly  when 
the  object  was  explained,  and  thanks  to  the  excellent  publicity  given 
the  matter  by  Dr.  Coons,  who  had  charge  of  the  work  for  the  U.  S.  De- 
partment of  Agriculture,  this  was  very  generally  understood,  although 
a  considerable  number  were  not  able  to  distinguish  the  dangerous  species. 

ORCHARD  SPRAYING  AND  DUSTING. 

In  years  when  wet  weather  prevails  as  the  buds  on  fruit  trees  are 
opening,  many  complaints  have  been  received  that  the  fruit  is  scabby 
even  though  the  trees  were  sprayed  following  the  usual  formulas.  The 
opinion  has  been  that  if  the  trees  had  received  the  dormant  spray  for 
scale  the  second  application  might  be  given  at  any  time  while  the  trees 
were  in  blossom.  The  spores  of  the  apple  scab  pass  the  winter  in  the 
leaves  upon  the  ground  and  if  the  weather  is  favorable  are  likely  to  infect 
the  new  leaves  and  blossom  buds  very  soon  after  they  develop.  For  this 
reason  it  is  unsafe  to  delay  the  so-called  "pink"  spray  until  the  blossoms 
are  ready  to  open  as  is  so  often  practiced.  On  the  other  hand,  the  only 
safe  way  is  to  make  use  of  what  has  been  called  a  "pre-pink"  application. 
At  the  time  the  flower  buds  begin  to  separate  in  the  clusters  the  leaves 
have  commenced  to  develop  and  unless  the  trees  are  sprayed  there  is 
danger  that  both  leaves  and  buds  may  become  infected,  especially  in 
wet  seasons. 
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WEATflER  FORECASTS  FOR  SPRAYING. 


Particularly  when  the  rains  continue  for  a  number  of  days  it  is  highly 
important  that  the  trees  be  covered  with  a  fungicide  previous  to  a  rain 
as  otherwise  the  spores  will  have  time  to  deveolp  and  infect  the  leaves  and 
buds.  In  order  that  notice  of  a  rain  might  be  furnished  to  fruit  growers 
arrangements  were  made  with  Mr.  D.  A.  Seeley,  Director  of  the  Michigan 
Weather  Service  of  the  U.  S.  Department  of  Agriculture,  at  East  Lansing, 
for  special  weather  forecasts  with  a  notice  of  impending  storms  three  or 
four  days  in  advance.  These  reports  were  sent  to  this  office  each  morning 
in  advance  of  the  regular  weather  reports,  during  the  spraying  season. 
Owing  to  the  local  character  of  the  Storms  during  much  of  the  spraying 
period  the  results  were  not  as  satisfactory  as  they  otherwise  would  have 
been. 

Plans  were  made  to  send  out  notice  of  the  storms  by  telegraph  to  the 
various  fruit  growing  sections  where  the  word  was  distributed  over  the 
telephone  and  through  the  local  papers,  making  it  possible  to  protect  the 
leaves  and  fruit  from  attack  during  rainy  period. 

Trees  that  were  sprayed  at  the  "pre-pink"  stage  were  quite  free  from 
the  attack  of  scab  while  those  that  did  not  receive  the  fungicide  until 
late  in  the  pink  period  were  quite  badly  infected.  Had  the  weather  been 
wet  during  the  two  or  three  weeks  following  the  setting  of  the  fruit  serious 
harm  woiSd  have  resulted  where  a  primary  infection  had  taken  place. 

The  benefits  from  the  special  weather  forecast  seemed  to  be  so  large 
that  is  is  planned  to  extend  the  service  another  season  and  cover  a  very 
large  proportion  of  the  leading  Michigan  apple  districts. 

THE  DUSTING  OF  ORCHARDS. 

Several  of  the  largest  fruit  growers  in  Michigan  have  substituted 
the  use  of  dust  for  the  spraying  of  their  orchards  and  thus  far  most  of 
them  feel  well  satisfied  with  the  results.  One  advantage  comes  from  the 
very  marked  saving  of  time  as  two  men  with  one  outfit  are  able  to  dust 
from  40  to  100  acres  of  bearing  trees  in  eight  hours,  the  number  of  acres 
of  course  varying  with  the  size  of  the  trees.  As  a  consequence,  it  is  often 
possible  to  cover  an  orchard  with  a  combined  fungicide  and  insecticide 
at  the  proper  time  when  it  would  not  be  possible  to  do  so  with  a  spray  rig, 
unless  the  number  was  made  two  or  three  times  as  many  as  would  be 
needed  of  dusting  machines.  It  is  also  possible  to  use  the  dusting  ma- 
chines in  the  orchard  at  night,  which  in  fact  is  the  very  best  time  for  the 
work  and  the  dust  may  be  applied  when  the  trees  are  wet,  or  even  when 
there  is  a  light  mist;  which  of  course,  would  not  be  desirable  conditions 
for  spraying. 

As  opposed  to  dusting  is  the  matter  of  cost  of  materials,  which  is  con- 
siderably in  favor  of  spraying,  especially  if  a  combined  insecticide  and 
fungicide  is  used.  The  question  of  cost  however,  would  not  be  considered 
to  any  great  extent  provided  the  results  are  in  favor  of  the  dusting. 
In  this  regard  it  may  be  said  that  the  results  where  dust  has  been  used 
have  been  very  satisfactory  so  far  as  injury  to  the  foliage  and  fruit  is  con- 
cerned. Using  the  ordinary  mixture  with  approximately  85  per  cent  of  sul- 
phur, and  15  per  cent  of  arsenate  of  lead,  injury  is  practically  unknown; 
while  with  lime-sulphur  solution  at  the  rate  of  oile  gallon  to  forty  and 
with  one  pound  of  arsenate  of  lead  serious  injury  has  often  occurred,  par- 
ticularly if  the  application  has  been  made  while  the  trees  were  wet,  or 
when  the  application  is  followed  by  several  hot  days. 
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The  chewing  insects  are  certainly  as  well  controlled  by  the  dusting 
of  the  trees  as  by  the  use  of  the  spray.  And,  in  ordinary  seasons  when 
there  is  comparatively  little  injury  from  apple  scab,  it  has  been  possible 
to  control  it  by  means  of  dusting.  However,  in  some  sections  where  rain- 
have  been  frequent  and  conditions  have  been  favorable  for  the  develops 
ment  of  the  apple  scab,  the  results  from  the  use  of  dust  have  not  been 
as  satisfactory  as  those  from  spraying. 

It  has  been  pretty  well  established  that  the  effects  of  the  dust  are  not 
as  lasting  as  those  of  liquid  applications;  and  hence  we  may  infer  that  to 
secure  equally  good  results  it  will  be  necessary  to  use  the  dust  at  more 
frequent  intervals.  Especial  care  should  also  be  taken  to  cover  the  trees 
just  before  a  storm. 

Thus  far,  although  the  dust  apparently  serves  to  hold  the  brown  rot 
and  scab  of  stone  fruits  in  check,  it  has  not  been  conclusively  shown  that 
the  various  leaf -spot  diseases  can  be  controlled  with  equal  certainty.  From 
the  fact  that  the  dust  may  be  used  with  safety  upon  the  foliage  of  peaches 
and  Japanese  plums,  and  since  it  serves  so  weU  to  prevent  the  scab  and 
brown  rot,  it  would  seem  that  dusting  machines  certainly  have  their  place 
in  peach  orchards.  They  should  also  be  of  use  in  cherry  orchards  where  it  is 
sometimes  necessary  to  make  use  of  a  fungicide  a  few  days  before  the 
crop  is  ripe  when  a  liquid  application  would  be  liable  to  spot  the  fruit. 

THE  CONTROL  OF  PEACH  LEAF  CURL. 

The  past  spring  had  weather  conditions  which  were  very  favorable 
to  the  development  of  the  disease  which  causes  the  leaves  of  peach  trees 
to  thicken  and  roll  and  to  which  the  name  peach  leaf-curl  has  been  given. 
As  is  generally  understood,  this  is  a  fungus  disease  for  which  a  cold,  wet 
spring  is  especially  favorable.  When  the  weather  is  warm  and  dry  little  or 
no  harm  results.  Nearly  thirty  years  ago  the  writer  demonstrated  that 
the  disease  could  be  controlled  by  spraying;  and,  that  to  secure  good 
results  it  was  necessary  to  make  the  application  very  early  in  the  spring,  even 
before  the  buds  have  commenced  to  swell,  and  at  least  three  weeks  before 
the  trees  blossom.  Careful  experiments  also  showed  that  the  spraying 
might  be  done  in  the  fall  with  practically  as  good  results,  provided  the 
lea^jes  had  dropped  so  that  all  parts  of  the  trees  could  be  reached.  Open 
periods  in  the  winter  could  also  be  utilized  for  spraying  peach  orchards, 
except  thai  care  was  required  not  to  allow  the  water  in  the  rigs  to  freeze. 
Care  also  must  be  taken  only  to  spray  on  days  when  the  moisture  would 
evaporate  before  it  has  time  to  freeze. 

Either  Bordeaux-mixture,  copper  sulphate  solution  at  the  rate  of  one 
to  two  pounds  in  fifty  gallons  of  water,  or  lime-sulphur  solution  (diluted  ] 
to  15)  if  applied  at  the  proper  time  will  prevent  the  development  of  this  dis- 
ease. The  dormant  strength  of  lime-sulphur  solution  as  used  for  San 
Jose  scale  would  also  be  effectual  against  the  peach  leaf  curl. 

Many  of  the  best  peach  growers  of  Michigan  who  have  usually  kept 
their  trees  free  from  leaf-curl  suffered  seriously,  from  the  disease  in  1919. 
They  had  planned  to  spray  their  trees  and  supposed  there  would  be  ample 
time;  but,  during  the  month  of  March  it  was  so  wet  in  most  orchards  as  to 
make  it  practically  impossible  to  get  around  with  spray  rigs.  During  the 
last  few  days  of  the  month,  the  weather  was  unusually  warm  for  the  season 
which  resulted  in  the  swelling  of  the  leaf -buds  so  that  very  little  effect  was 
secured  when  the  spraying  was  done  during  the  first  half  of  April.  On  the  un- 
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•prayed  and  late  sprayed  trees  practically  all  of  the  leaves  were  attacked 
and  dropped.  This  resulted  in  a  very  serious  loss  of  the  peach  crop. 
Where  the  trees  were  thoroughly  sprayed  one  week  before  the  buds 
swelled  there  was  little  or  no  loss  of  foliage  or  fruit. 

ORCHABD  AND  NURSEBT  LEGISLATION. 

In  connection  with  the  campaign  for  the  eradication  of  barberries 
some  difficulty  was  experienced  from  the  fact  that  the  original  law  merely 
provided  for  the  destruction  of  trees  and  shrubs  infected  with  a  dangerous 
disease.  During  the  summer  months  it  was  a  comparatively  easy  mat- 
ter to  find  infected  leaves  upon  nearly  every  barberry  bush,  but  during 
the  winter  it  was  not  possible  to  find  the  infection,  so  that  the  period  in 
which  the  campaign  could  be  carried  on,  except  at  the  sufferance  of  the 
owners,  covered  only  about  one-half  of  the  year.  The  Federal  Govern- 
ment through  the  U.  S.  Department  of  Agriculture  had  put  on  a  quarantine 
against  the  shipment  of  practically  all  barberries  and  mahonias,  except  the 
Japanese,  into  the  Central  Western  States  in  which  barberry  eradication 
campaigns  had  been  carried  on.  The  legislatures  of  these  States  in  the 
spring  of  1919  passed  laws  forbidding  thegrowing  or  sale  within  the  respect- 
ive States  of  any  of  the  dangerous  species  of  barberries  and  mahonias. 
'  House  Enrolled  Act  No.  31  of  the  Michigan  Legislature,  Section  17a, 
makes  it  unlawful  for  any  person  to  keep  upon  his  premises  any  of  the 
barberries,  except  Berberia  Thunbergii  or  Berberis  Japonica. 

Another  provision  of  the  same  act  makes  it  possible  to  take  prompt 
action  in  case  any  dangerous  insect  or  disease  not  found  in  the  State  is 
brought  in  from  outside.  Besides  conferring  authority  to  destroy  trees 
and  plants  which  have  been  attacked  by  insects  or  diseases,  it  is  now 
possible  to  destroy  trees  and  plants  which  may  not  be  actually  infested  but 
the  destruction  of  which  is  necessary  in  order  to  eradicate  the  insects 
and  diseases.  This  provision  will  be  especially  helpful  in  case  the  gypsy 
or  brown-tail  moths  or  the  European  corn  borer  make  their  appearancein 
Michigan. 

Under  this  law,  provided  it  becomes  necessary  to  destroy  trees  and 
plants  which  have  not  become  infested,  the  owners  are  to  be  recompensed 
for  the  value  of  the  trees,  plants,  etc. 

INSPECTION   OF   MICHIGAN   NURSERIES. 

The  acreage  of  fruit  nursery  stock  has  for  several  years  shown  a  con- 
siderable decrease  but  there  has  been  approximately  as  large  an  increase 
in  the  acreage  of  small  fruit  plants  and  ornamentals,  all  of  which  have 
been  inspected.  Owing  to  the  war  conditions,  the  importation  of  trees 
and  shrubs  from  Europe  has  been  greatly  decreased,  especially  in  the  way 
of  aialeas,  rhododendrons,  and  other  stock  designed  for  forcing  in  green- 
houses which  formerly  came  from  Belgium  and  Holland  in  very  large 
numbers.  The  importation  of  fruit  stoclS  from  France  has  been  practically 
as  large  as  in  previous  years,  and  it  arrived  in  much  better  condition  than 
in  1918. 

Beginning  with  July  1,  1919,  a  Federal  Quarantine  will  prevent  the  im- 
portation of  trees  and  shrubs  from  foreign  countries,  except  fruit  trees 
and  rose  stocks.  Provision  however,  has  been  made  for  bringing  in  new 
and  rare  plants  for  trial.    The  object  of  the  quarantine  is  to  keep  out 
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dang^rbils  insects  and  diseases.  It  was  especially  aimed  to  keep  out  trees 
and  shrubs  which  are  brought  in  with  hells  of  earth  upon  the  roots.  These 
frequently  contain  a  number  of  dangerous  insects  which  cannot  be  de* 
tected  by  the  most  careful  inspection  unless  the  earth  is  washed  from  the 
roots  and  carefully  examined.    This  would  be  fatal  to  the  trees. 

The  condition  of  the  Michigan  nursery  stock,  and  of  that  imported  from 
Europe  has  never  been  better,  showing  greater  attention  to  the  control 
of  insects  and  diseases  on  the  part  of  both  Michigan  and  European  nursery- 
men. 

We  append  to  this  report  a  list  of  the  Michigan  nurseries  which  have 
taken  out  a  license,  and  whose  stock  has  passed  inspection;  and  also  of 
Michigan  dealers  in  nursery  stock,  and  nurserymen  in  other  states,  who 
have  taken  out  licenses  to  sell  nursery  stock  in  Michigan.  All  of  these 
parties  have  filed  certificates  showing  their  nursery  stock  has  passed 
inspection. 

LICENSED  MICHIGAN  NURSERIES,  1918-1919. 


Alferink,  Albert,  Holland. 

Allis  &  Hood,  Adrian. 

Asman,  C.  W.,  Port  Huron. 

Augustine  &  Co.,  Normal,  111. 

Baldwin,  O.  A.  D.,  Bridgman. 

Bashford,  C.  L.,  Mason. 

Basswood  Center  Nurseries,  Ste- 
'  vensville. 

Behnken,  J.  H.,  Somerset  Center. 

Bliss,  A.  W.,  Harbor  Springs. 

Boehringer  Brothers,  Bay  City. 

Bohl,  WiUiam,  Buchanan. 

Breitmeyer  Landscape  &  Nursery 
Co.,  The,  Detroit. 

Bridgman  Nursery  Co.,  Bridgman. 

Brooks  Co.,  J.  C,  Detroit. 

Brown,  D.  M.,  Grand  Rapids. 

Burgess  Seed  and  Plant  Co.,  Gales- 
burg. 

Campbell,  Chester  G.,  Paw  Paw. 

Celery  City  Nurseries,  Kalamazoo. 

Cole,  Levant,  Battle  Creek. 

Collins,  Ward  E.,  Fennville. 

Coryell  Nursery,  The,  Birming- 
ham. 

Cukerski,  Wencel  L.,  Grand  Rap- 
ids. 

Curtis,  L.  T.  &  Son,  FUnt. 

Cutler  &  Downing,  Benton  Harbor 

Daly,  Thos.  W.,  Watervliet. 

Dunham,  Enos  W.,  Baroda. 

Dutton,  Chas.  H.,  Holland. 

Ellis,  Daniel  H.,  Saginaw. 

Emlong  &  Sons,  Stevensville. 

Ferrand,  E.  &  Sons  Company, 
Detroit. 


Fetters,  Thos.  J.,  Harbor  Springs- 

Flansburgh,  C.  N.  &  Son,  Jackson- 

Frissel,  Martin,  Muskegon. 

Ganzhorn,  Jacob,  Ann  Arbor. 

Gill,  Mrs.  Bertha  M.,  Ypsilanti. 

Glenwood    Nurseries,    The,  Hol- 
land. 

Greening  Nursery  Co.,  Monroe. 

Gobleville  Nurseries,  Gobleville. 

Gustin,  Chas.  F.,  Adrian. 

Hamilton,  A.  &  Sons,  Bangor. 

Hampton,  J.  E.,  Bangor. 

Hanes,  Peter,  Farmington. 

Havekost,  Geo.  H.,  Monroe. 

Hawley,  Geo.  A.,  Hart. 

Helmer    Farm    Nursery,    Battle 
Creek. 

Hemingway,  Geo.  R.,  Oak  Park, 
111. 

Hibbler,  E.  B.,  Detroit. 

Ilgenfritz,  Sons*  Co.,  I.  E.,  Mon- 
roe. 

InsuUnde  Nurseries,  Kalamazoo. 

Jeffrey  &  Son,  James,  Kalamazoo. 

Kalamazoo  Nurseries,  Kalamazoo. 

Kalle  Brothers,  South  Haven. 

Katzenberger,  Valentine,  Fosters. 

Keith  Bros.  Nursery,  Sawyer. 

Kellogg  Co.,  The  R.  M.,  Three 
Rivers. 

Kleinhans    Floral    Co.,    D.,    St. 
Louis 

Knight  &  Son,  David,  Sawyer. 

Marvin,  O.  F.,  Holton. 

Mayer,  Jr.,  Michael,  Merrill. 

Michigan  Nursery  Co.,  Monroe. 


Digitized  by 


Google 


IM 


StAti)  BOARD  OF  AQRlOtJti?Ullt). 


Merrill,  W.  F.,  South  Haven. 

Miller,  Abner,  Bravo. 

Mutual  Nurseries  Co.,  Monroe. 

Nash,  C.  C,  Three  Rivers. 

Nelson  &  Son,  J.  A.,  Paw  Paw. 

Newell,  Reuben,  Hi  hland  Park. 

Nieb,  Daniel  P.,  Niles. 

Niles  Nursery  Co.,  The,  Niles. 

Nu-way  Nurseries,  Lansing. 
,  Orchard  Lake  Nurseries,  Orchard 
Lake. 

Owens,  Geo.  B.,  Leslie. 

Pindar,  Joseph,  Detroit. 

Pitcher,  W.  D.,  Buchanan. 

Pontiac   Nursery   Company,   De- 
troit. 

Potter,  E.  W.  Leslie. 

Prestage,  J.  G.,  Allegan. 

Prudential  Nm-sery  Co.,  Kalama- 
zoo. 

Quandt,  Elmer,  Dearborn. 

Rasmussin,  R.  J.,  Marlette. 

Rhodes,  Alice  A.  &  Nettie  M., 
Jackson. 


Rice,  Miss  Greta  B.,  Port  Huron. 

Roche,  Mr.  John  C,  Battle  Creek 

Rokely,  J.  N.,  Bridgman. 

St.  Joseph  Nursery,  The,  St. 
Joseph. 

Saier,  Harry  E.,  Lansing. 

Schenck,  Geo.  H.,  Elsie. 

Schild,  H.  J.,  Ionia. 

Shepard,  Chas  E.,  Bangor. 

Smith,  Henry,  Grand  Rapids. 

Spielman  Brothers,  Adrian. 

Sweet,  L.  H.  Carsonville. 

Taft,  H.  A.,  South  Haven. 

Tindall,  W.  F.,  Boyne  City. 

Ward,  Paul  L.,  Hillsdale. 

Weller  Nurseries,  Holland. 

Weston,  A.  R.  &  Co.,  Bridgman. 

Whitten,  C.  E.,  Bridgman. 

Williams  Brothers,  Bridgman. 

Witbeck,  F.  M.  &  Son,  Mill- 
burg. 

Wolcott  Nurseries,  Jackson. 

Wolverine  Detroit  Nurseries,  De- 
troit. 


LICENSED    DEALERS    IN    NURSERY    STOCK,    1918-19W. 


Asman  &  Dunn,  Detroit. 

Benton  Harbor  Nursery  Co.,  Ben- 
ton Harbor. 

Boyd,  Joseph  B.,  Traverse  City. 

Buskirk,  C.  M.,  Big  Rapids. 

Cross,  EU,  Grand  Rapids. 

Crowley-Milner  Company,  Detroit 

Derrickson,  Henry,  Coldwater. 

Detroit  Shade  Tree  Co.,  Detroit. 

Filer,  A.  C,  Mt.  Clemens. 

Freyling  &  Mendels,  Grand  Rap- 
ids. 

Fox,  A.  W.,  Coldwater. 

Gibson  &  Son,  S.  B.,  Detroit. 

Grand  Rapids  Nursery  Co.,  Grand 
Rapids. 

Grohman,  the  Florist,  Saginaw. 

Hallman,  W.  S.,  Coloma. 

Hotchkiss,  Caleb,  Detroi  . 

Hudson,  Co.,  J.  L.,  Detroit. 

Hughes,  Chas.  P.,  Hillsdale. 

Husted  &  Co.,  N.  P.,  Lowell. 

Ilgenfritz,  E.  C,  Detroit . 

Isbell  &  Co.,  S.  M.,  Jackson. 


Jones',  Sons  &  Co.,  J.  R.,  Kalama- 
zoo. 

Knapp  Company,  J.  R.,  Lansing. 

Knapp,  W.  F.,  Monroe. 

Knoch,  Mrs.  Gus,  Detroit. 

Kresge  Co.,  S.  S.,  Detroit. 

Lohrman  Seed  Co.,  Detroit. 

Mountain  Home  Cemetery,  Kala- 
mazoo. 

Nelson,  C.  A.,  Northport. 

Oakland  Gardens  Nursery,  De- 
troit. 

Peterson,   George,  Escanaba. 

Powers  &  Co.,  Battle  Creek. 

Pult,  Casper  J.,  Detroit. 

Rayl  Co.,  T.  B.,  Detroit. 

Smith  &  Co.,  E.  M.,  Detroit. 

Steffer,  Reinhold  W.,  Bay  City. 

Stover,  F.  J.,  Traverse  City. 

Strittmatter,  Adolph,  Detroit. 

Trankla  &  Co.,  Chas.,  Grand  Rap- 
ids. 

Tribolet  Co.,  The,  Coldwater. 
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Valley  City  Nurseries,  Grand  Rap- 
ids. 

Van  Aken  Bros.,  Coldwater. 

Van  Bochove  &  Brother,  G.,  Kala- 
mazoo. 

Vogt  &  Son,  David,  Coldwater. 

Von  Boeslager,  August,  Mount 
Clemens. 


Walther's  Department  Store,  Bay 

City. 
Webb  &  Co.,  D.  S.,  Traverse  City. 
Westgate    Nursery    Co.,    H.    L., 

Monroe. 
Wise,  Ralph,  Plainwell. 
Woolworth  &  Co.,  F.  W.,  Buffalo, 

N.  Y. 


LICENSED  FOREIGN  NURSERIES,  1918-1919. 


Allen  Nursery  Co.,  Rochester, 
N.  Y. 

Bogue,  Dewane,  Batavia,  N.  Y. 

Brow  Nursery  Co.,  F.  W.,  Rose 
Hill,  N.  Y. 

Brown  Brothers  Co.,  Rochester, 
N.  Y. 

Bryant,  Arthur  &  Son,  Princeton, 
HI. 

Bryant  Brothers,  Dansville,  N.  Y. 

Burr  &  Co.,  C.  R.,  Manchester, 
Conn. 

Central  New  York  Nursery  Co., 
Geneva,  N.  Y. 

Charlton  Nursery  Co.,  Rochester, 
N.  Y. 

Chase  Nurseries,  The,  Geneva, 
N.  Y. 

Chase  Brothers  Co.,  Rochester, 
N.  Y. 

Dreer,  Henry  A.,  Inc.,  Philadel- 
phia, Pa. 

Emmons  &  Co.,  Newark,  N.  Y. 

Fairview  Nurseries,  The,  Roches- 
ter, N.  Y. 

Farmers'  Nursery  Co.,  Troy,  0. 

First  National  Nurseries,  Roches- 
ter, N.  Y. 

Fruit  Growers'  NurserieSj,  New- 
ark, N.  Y. 

Graham  Nursery  Co.,  Rochester, 
N.  Y. 

Grover  &  Co.,  Frederick  E.,  Ro- 
chester, N.  Y. 

Guaranty  Nursery  Co.,  Roches- 
ter, N.  Y. 

Harman  Nursery  Co.,  Inc.,  M.  H., 
Geneva,  N.  Y. 

Hawks  Nursery  Co.,  Wauwatosa, 
Wis. 


Heath  &  Co.,  Manchester,  Conn- 
Hooker  Brothers,  Rochester,  N.  Y- 
Howe-Campbell  Nursery  Co.,  Ro- 
chester, N.  Y. 
Huntsville    Wholesale    Nurseries, 

Huntsville,  Ala. 
Jewell   Nursery   Co.,   Lake   City, 

Minn. 
Knight  &  Bostwick,  Newark,  N.  Y. 
La  Pointe  Nursery  Co.,  Geneva, 

N.  Y. 
Moon  Co.,  Wm.  H.,  Morrisville, 

Penn. 
Moore  &  Co.,  Wm.  C,  Newark, 

N.  Y. 
Nelson  &  Sons,  Swain,  Chicago, 

111. 
Pennsylvania  Nursery  Co.,  Girard, 

Pa. 
Perry    Nursery    Co.,    Rochester, 

N.  Y. 
Rice  Brothers  Co.,  Geneva,  N.  Y. 
Sonberegger     Nursery     &     Seed 

House,  Beatrice,  Neb. 
Stark  Nurseries  and  Orchards  Co., 

Louisiana,  Mo. 
Stewart  &  Co.,  C.  W.,  Newark, 

N.  Y. 
Taylor  &  Co.,  H.  S.,  Rochester, 

N.  Y. 
Walton,  Cary  A.,  Greenfield,  Ind. 
Weeks  Nursery  Co.,  Inc.,  C.  H., 

Lyons,  N.  Y. 
Western  New  York  Nursery  Co., 

Rochester,  N.  Y. 
Westminster  Nursery,  The,  West- 
minster, Md. 
Wisconsin  Nurseries,  Union  Grove, 

Wis. 


East  Lansing,  June  30,  1919. 


Rcs|x;ctfully  submitted, 

L.  R.  Taft, 
State  Inspector  of  Nurseries  and  Ordhards. 
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REPORT  OF  INSECTICIDE  AND  FUNGICIDE  INSPECTION. 

Andrew  J.  Patten  and  Percy  O'Meara. 

To  the  State  Board  of  Agriculture: 

During  the  year  1919,  74  samples  of  insecticide  and  fungicides  have 
been  collected  and  analyzed.    The  results  are  presented  herewith. 

LIME-SULPHUR  SOLUTIONS  AND  SUBSTITUTES. 

Six  samples  of  lime-sulphur  solution  and  a  like  number  of  the  dry 
compound  of  lime  and  sulphur  were  collected.  One  sample  of  sodium 
sulfide  solution  and  two  of  dry  sodium  sulfide  also  one  sample  of  barium 
sulfide  ("B  T  S")  were  analyzed.  The  results  of  analysis  are  given  in  the 
following  tables.  Attention  is  called  to  the  last  column  in  the  table  where  is 
given  the  amount  of  calcium  polysulfide  equivalent  to  the  total  sulfide 
sulphur  found.  This  affords  a  convenient  means  of  comparing  the  prob- 
able efficiency  of  the  various  samples. 

UME  SULPHUR  COMPOUNDS. 
-SOLUTIONS— 


Manulkoturer. 

Baume 

Total  Sulphur. 

No. 

Found. 

Guar- 
anteed. 

Found. 

% 

Guar- 
anteed. 

% 

Calcium 

'IT'- 

Of 

/o 

4M 

l^nw  Ch«ini<?«l  Co  ,  MidlAiiil,  Mich 

Z2M 

32.5 

33.0 

32.5 

30.0 

32.5 

33 

■  ■  32 
32 

■'33' 

25.05 
25.03 
25.95 
24.38 
18.53 
24.82 

25.0 
23.0 
26.0 
25.0 

25!  0 

29.96 

449 

Imperial  Chemical  Co..  Grand  Rapida,  Mich 

30.05 

4(M) 

8an-0-Cide  Spray  Co.,  FemivilIe.MicS» 

31.10 

4A8 

South  Haven'Chemioal  Co..  South  ^ven.  Mich 

29.86 

470 

T  W  Daly,  fii«tAr  TaV«»,  Mif  h 

19.81 

471 

Graaeelli  Chemical  Co.,  Cleveland  Ohio 

30.26 

DRY  PREPARATIONS. 


447 

Detroit  White  Lead  Works,  Detroit,  Mich 

58.07 
50.46 
56.35 
57.22 
61.04 
62.76 

67.37 

45^ 

Detroit  White  Lead  Works,  Detroit.  Mich 

55.50 

451 

Sherwin-Wlliiama  Co.,  Cleveland.  Ohio 

62.06 

461 

Rh<vwin-Wi||iaTnR^-o.iClf^?l#nd,Ohio. , .  ,                  

62.37 

808 

Sherwin-Williama  Co.,  Cleveland,  Ohio 

69  06 

803 

Dow  Chemical  Co.,  Midland,  Mich 

67.31 

SOLUBLE  SULPHUR  COMPOUNDS  OTHER  THAN  LIME-SULPHUR. 


No. 


199 
446 
462 
801 


Name  and  Manufacturer. 


Sulfocide— B.C.  Pratt  Co.,  New  York  Qty 

Soluble  Sulphur  Compound,  Niagara  Sprayer  Co.,  Middleport,  N.  Y. . 
Soluble  Sulphur  Compound,  Niamra  Sprayer  Co.,  Middleport,  N.  Y. . 
B.  T.S.— General  Chemical  Co.,  New  York,  N.Y 


Baume. 


Found. 


Guar- 
anteed. 


Total. 
Found. 


.30  94 
58.04 
65.13 
42.16 


Sulphur. 


Guar- 
anteed. 


30  0 


Calcium. 

Polysul- 
fide 

Equiva- 
lent. 


36.34 
63.75 
49.14 
47.63 
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ARSENATE  OF  LEAD. 


Six  samples  of  arsenate  of  lead  paste  and  nine  of  the  powder  form  were 
analyzed.  All  of  the  samples  contained  the  required  amount  of  arsenic 
oxid  and  were  above  the  guarantees  made  by  the  manufacturers.  Like- 
wise all  samples  were  well  under  the  guarantees  for  soluble  arsenic  oxid. 
One  sample^  No.  429,  contained  water  in  excess  of  the  legal  standard. 


ABSENATE  OF  LEAD  (Ftate) 


Mitnufacturer. 

Mois- 
ture. 

Lead  Oxid. 

Anenk  Oxid  (AeiOt) 

No. 

(PbO) 

ToUl. 

Soluble. 

Found. 

Guar. 

Found. 

Guar. 

Found. 

Guar. 

429 

Ansbaoher  lofleoticide  Co.,  New  York.  N.  Y 

% 

51.02 

44.50 

36.10 

46.60 

44.23 

47.60 

% 

30.80 

33.20 

40.71 

34.30 

36.47 

33.69 

% 
35.0 

32!66 

% 

15.72 
18.10 
19.71 
16.80 
17.07 
16.83 

fS.o 

15. tf 
15.0 
15.00 
15.00 
15.00 

% 

0.18 

0.31 

0.08 

0.11 

0.15 

0.15 

% 
0  50 

431 

Dow  Chemical  Co.,  Midland,  MicL 

0  50 

197 

OrasselliChemical'Co.,  Cleveland,  Ohio 

0  50 

455 

GraaselliChemlcal  Co.,  Cleveland,  Ohio 

0  50 

467 

GraflBeiliChemical  Co.,' Cleveland!  Ohio 

0  50 

426 

Toledo  Rex  Qpny  Co.,  Toledo,  Ohio 

0  75 

ARSENATE  OF  LEAD  (Dry  Powder). 


No. 


Manufacturer. 


Lead  Oxid. 
(PbO) 


Found. 


Guar. 


Arsenic  Oxid  (As>0*) 


Total. 


Found. 


Guar. 


Soluble. 


Found. 


Guar. 


464 
807 
443 
809 
456 
423 
465 
469 
804 


(Corona  Chemical  Co.,  Milwaukee,  Wis. . . . 
(Corona  Chemical  Co.,  Milwaukee,  Wis. . . . 
Detroit  White  Lead  Works,  Detroit,  Mich. 

Dow  Chemical  Co.,  Midland,  Mich 

GrasselliC^emical  Co.,  Cleveland,  Ohio . . 
Richee-Piver  &  Co.,  New  York,  N.  Y. . . . . 
Sherwin-Williams  Co.,  Cleveland, Ohio. . . 

Toledo  Rex  Spray  Co.,  Toledo,  Ohio 

Toledo  Rex  Spray  Co.,  Toledo.  Ohio 


63.96 
65.42 
64.46 
64.83 
63.98 
62.70 
64.56 
64.36 
64.02 


% 


62  0 
62.0 


% 

32.15 
32.80 
31.05 
30.00 
32.05 
31.70 

30  70 

31  90 
31.90 


% 

30.0 

30.0 


30.0 
31.0 
30  0 
30.0 
31.0 
31.0 


% 

0.34 
0.13 
0.23 
046 
0.49 
0.49 
0.14 
0.52 
00.67 


0.75 

"i!66 

0.76 
1.00 
1.00 
1  00 
1.00 


CALCIUM  ARSENATE. 


Six  samples  of  calcium  arsenate  and  one  sample  of  magnesium  arsenate 
are  included  in  the  next  table.  Three  samples,  Nos.  484,  802,  805,  con- 
tained less  total  arsenic  oxid  than  guaranteed  and  two  samples,  Nos.  482 
and  805  contained  more  soluble  arsenic  oxid  than  guaranteed. 


CALCIUM  ARSENATE. 


No. 


Manu&ciurer. 


Calcium. 


Oxid. 
(CaO) 


Arsenic  Oxid  (AstO*). 


Total. 


Found.      Guar. 


Soluble. 


Found.      Guar. 


482 
806 
445 
484 
419 
802 
806 


Conmo  Chemical  Co.,  Milwaukee  .Wis 

Corcma  Chemical  Co^  Milwaukee,  Wis 

Detroit  White  Lead  Works,  Detroit,  Mich 

TheGlidden  Co.,  Cleveland,  Ohio 

Richee-Piver  Co.,  New  York.  N.Y 

Toledo  Rex  Siffay  Co.  J'oledo,  Ohio 

iun  Ansoate,  Dow  Chemical  Co.,  MidUnd,  Mioh. . 


% 
47.40 
49.45 
42.50 
41.10 
46.95 
45.00 


% 
47.80 
46.75 
44.75 
43.40 
41.00 
88.30 
82.13 


% 
42.6 
42.5 
41.4 
46.0 
40.0 
41.4 
83.0 


% 

1.87 

0.34 

0.92 

0.45 

0.43 

0.24 

1.36 


% 
1.50 
1.50 
4.1 
1.60 
0.4 
1.60 
0.75 
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PARIS  GREEN. 


Five  samples  of  Paris  Green  and  one  sample  of  ''Bug  Finish",  (a  mix- 
ture consisting  of  about  90  parts  gypsum  and  10  parts  Paris  green)  were 
analyzed.  All  of  the  samples  were  satisfactory  as  regards  total  and  soluble 
arsenious  oxid.  Two  samples  No.  425  and  430  were  found  to  be  slightly 
under  weight. 


PARIS  GREEN. 


No. 


425 
450 
428 
422 
430 
479 


Manufiacturer. 


DeVoeAR«ynold8,NcwYork,N.  Y 

Imperial  Chemical  Co., Gnuid  Rapids,  Mich 

Fred  L.  Lavcneburg,  New  York,  N.  Y 

Nitrate  Agencies  Co.,  New  York,  N.  Y 

Nitrate  Arancice  Co..  New  York,  N.  Y 

Bug  Finish.  Michigan  Gypsum  Co.,  Grand  Rapids, 
Michigan 


Weight. 


Found. 


01. 

7.76 
4.73 
4.31 
16.00 
7.66 


Guar. 


8 
4 
4 
16 


Arsenious  Oxid  (AssOs) 


Totel. 


Fbund. 


55.7 

56.3 

55.5 

53.85 

54.00 


Guar. 


50  0 
50.0 
50.0 
50.0 
50.0 

0.5 


Soluble. 


Found. 


% 

1.68 

2.47 

1.88 

1.76 

1.83 

0.3) 


Guar. 


% 

3.50 

3.50 

3.50 

3.50 

3.50 

0.85 


(CuO) 


BORDEAUX    MIXTURES. 


Six  samples  of  Bordeaux  mixture  were  collected  all  of  which  were 
found  to  be  equivalent  to  guarantee  in  respect  to  the  amount  of  copper. 
Samples  No.  418  and  466  were  guaranteed  to  contain  16  oz.  net  weight 
but  were  found  to  contain  11.1  oz.  and  15.6  oz.  respectively. 


BORDFiAUX  MIXTURES. 


Manufacturer. 

Water. 

Copper  (Cu). 

No. 

Found. 

Guar. 

463 

Corona  Chemical  Co.,  Milwaukee,  Wis 

% 

% 

11.98 
12.36 
9.65 
7.20 
10.25 
12.04 

% 
11.0 

44? 

Detroit  White  Lead  Works,  Detroit,  Mich : 

11.0 

457 

Graaeelli  Chemical  Co..  Cleveland,  Ohio 

51.50 
58.40 

7  5 

437 
418 

Nitrate  Agencies  Co.,  Sew  York,N.  Y 

Richea-Piver  Co.,  New  York,  N.  Y 

i2!66 

466 

Ph«rwin-Wmi«TPf«<>  .n|i^||md.Ohin 

11.0 

BORDEAUX-ARSENATE   MIXTURES. 

Eight  samples  of  this  class  were  obtained  and  the  analyses  appear  In 
the  following  table. 

All  of  the  samples  fulfilled  the  guarantees  made  by  the  manufacturers 
Sample  No.  473  contains  39.75%  lime  (CaO)  and  No.  441  contains  74.41% 
sulphur. 

For  a  more  complete  discussion  of  this  class  of  goods  the  reader  ir  se- 
ferred  to  Special  Bulletin  No.  96  published  in  May  1919. 
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Water. 

% 

53.33 
56  60 
57.90 

60.25 
62.75 
55.60 

Arsenic  (As) 

ible. 

Copper  (Cu). 

No. 

Total. 

Soh 

Lead 

Oxid. 

(PbD) 

Found. 

% 

6.77 
632 
6.28 

5.18 
4.85 
5.84 

11.48 

2.15 

Guar. 

Found. 

Guar. 

Found. 

Guar. 

435 

< 
'*AjMl»eber  Insecticide  Co..  New  York. 
"Adhceo  Green  Label" 

% 

5.50 
5.50 

3.42 
3.42 
3.42 

12.0 

1.95 

% 

0.12 
0.04 
0.09 

0.06 
0.07 
0.07 

0.15 

0.16 

% 

0.50 
0.50 

0.75 
0.76 
0.75 

1.00 

050 

% 

3.88 
3.93 
2.60 

2.43 
2.07 
2.89 

5.19 

1.73 

% 

3.90 
3.90 

1.60 
1.50 
1.60 

6.00 

1.50 

% 
22.8 

476 

"Adheio  Green  Label" 

20.6 

436 

*'AdbeB0  Orange  Label" 

20.4 

471 

'  Bowker  Insecticide  Co.,  Boston.  Mass 
V*Tyiox. 

15.95 

477 

"Pyrox" 

15.60 

481 

"Pyrox" 

18.20 

473 

H.J.Sinith.Utica,N.Y. 

"PmitKV  F«p""    .  . 

18.54 

441 

Niagara  Sprayer  Co..  Middlf^port.  N.  Y. 
Niagara  Potato  Mixture 

1.73 

TOBACCO    PRODUCTS. 

Only  three  samples  were  obtained  this  year.  Two  of  these  were  found 
to  be  slightly  below  the  guarantee  for  nicotine  made  by  the  manufacturer. 
The  amount  of  deficiency  is  probably  not  suflScient  to  impair  their  ef- 
ficiency as  insecticides. 

TOBACCO  PRODUCTS. 


No. 

Manufacturer  and  Name. 

Nicotine.     • 

Found. 

Guv. 

432 

Kentucky  TcbaccofrcuuctE  Co.,  Louisville  Co.,  Loui8\ille.Ky- 
"BlackLeaf  40" 

% 

38.8 
39.6 

0.58 

% 
40.0 

454 

••Nico-Fuinc  Liquid" 

40.0 

430 

Nianra  Sprayer  Co.,  Middlqort.N.Y. 
•Tobacco  Dust" 

SMUT    REMEDIES. 

Five  samples  of  proprietary  mixtures  of  formaldehyde  solution  pre- 
pared for  grain  treatment  against  smut  were  analyzed.  The  percentage 
of  formaldehyde  was  found  to  vary  from  24.9  to  30.6  per  cent.  The 
ordinary  commercial  formaldehyde  solution  (formalin)  should  contain 
36.8  per  cent  formaldehyde. 

SMUT  REMEDIES 


No. 

Manufacturer  and  Name. 

Formaldehyde. 

Found. 

Guar 

475 

Albion  ClMmica]  Works,  Albion,  Mich. 
"Bud's  Smuticide" 

% 
34.6 

24.0 
25.2 

31.0 
30.6 

30.4 
29.8 

% 

424 

Anti  Smut  Chemical  Co.,  North  Adams.  Mich. 

"AntiSmnf* 

819 

••AntiSmut" 

28.0 

448 

Chemieal  Research  Co..  Kalaroasoo.  Mich. . . 

•ThftOrininftlftmitKillw" --.- 

478 

•TheOripnal  Smut  Killer" ].,...  '. 

417 

Dr.Lape  Veterinary  Co.,Ino.,  Adrian.  Mich, 
•flmutw*" r 

35.0 

813 

•totS"..::::.::............; : . :           :::::::::::..: :.: 

35.0 
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MISCELLANEOUS  MATERIALS. 


480/  Bus  Death,  manu&ctured  by  Danforth  Chemical  Co.,  Leomiiuter,  Maas.  Guaranteed  to  oontain  Zioc  Oxid  47%.  Lead 
Oxidi)%. 

Resultsfound: 

No.421,  anoOrid 43.80% 

No.  421  Lead  Oxid 11.40% 

No.  480  Zinc  Oxid 4».  40% 

No.480  LewlOxid ».15% 

200    Hammond'a  Slug  Shot,  Manufiaetured  by  Hammond  Slug  Shot  Works,  Beacon ,  N  Y.  Quaranteed  to  contain  Sulphur  6%, 
Copper  Sulfate  1%,  Nicotine,  trace,  Cc^yper  Arsenite  1 .  60%,  Crude  Carbolic  Acid  0.40%,  Inert  Ingredients  91%. 
Results  found: 

Arsenic  (asMetallio) 0.88% 

SolubleAraenic  (as  Metallic) 0.00% 

Copper  (Cu.) 0.34% 

Sulphur 6.76% 

811    Arsenate  of  Zinc,  Manufactured  by  the  General  Chemical  Co.,  New  York,  N.  Y.  Guaranteed  to  contain  Total  Arsenic  (a 
MetalUc)  30. 6%,  Soluble  Arsenic  (as  Metallic)  not  mo(«  than  1%. 
Results  found: 

Araenic  (as  Metallic) 31.46% 

SolubleArsenio  (asMetallio) 0. 18% 

ZinoOxid  (ZnO) 62.88% 

810    Niasara  Dusting  Sulphur,  Manufactured  by  the  Niagara  Sprayer  Ck».  Middleport,  N.  Y.  Guaranteed  to  contain  Sulphur 

Results  found: 

Sulphur 02.64% 

440    Niagara  3  in  1  Dusting  Mixture,  Manu&ctured  by  the  Niagara  Sprayer  Co.,  Middleport  N.  Y.    Guaranteed  to  oontain 
Sulphur  not  less  than  49%,  Nicotine  0. 20%,  Total  Arsenic  not  less  than  1 . 06%,  Soluble  Anenic  not  over  0. 50%. 
Results  found: 

Sulphur 61.80% 

TotalArsenic 3.40%  AsK)* 

SoluWeArsenic 0.61%  AsK)* 

LeadOxid 6.14% 

Nicotine 0.26% 

444    Niagara  90-10  Mixture,  Manufactured  by  the  Niagara  Sprayer  Co.,  Ikfiddlcport,  N.  Y.  Gauranteed  to  contain  Sulphur  not 
leas  than  88%,  Total  Arsenic  not  less  than  1 .  06%,  Soluble  Arseaic,  not  over  0. 60%. 
Results  found: 

Sulphur.. : 89.62% 

TotalArsenic 3.40%  Aa«0». 

SoIubleArsenic 0.10*J  AaKJi. 

LeadOxid 6.04% 

463    Cht-Wocm  Killer,  Manufactured  by  the  Sterling  Chemical  Co.,  Cambridge,  Mass.  Chiaranteed  to  oontain  notleos  than  1% 
Araeoious  Oxid  nor  more  than  0.07%  Water  Soluble  Aiaenious  Oxid.  Weight  1  lb.  j 
Results  found: 

TotalArBeniou8Oxid(Aa>0i) 1.12% 

Netwdghtfound 12.4    os. 

East  Lansings  June  30,  1919. 

REPORT  OF  THE  STATE  INSPECTOR  OF  APIARIES. 

To  the  Honorable,  the  State  Board  of  Agriculture: 

Following  is  the  sixth  annual  report  of  the  State  Inspector  of  Apiaries 
for  the  fiscal  year  ending  June  30,  1919: 

SUMMARY    OF    INSPECTION     WORK    DURING    THE     YEAR. 

Number  of  apiaries  visited 630 

Number  of  colonies  inspected 5270 

Number  of  colonies  affected  with  American  foul  brood .  .  536 
Number  of  colonies  affected  with  European  foul  brood . .  670 

It  is  a  very  significant  fact  that  for  the  fiscal  year  ending  June  30,  1917 
nearly  six  times  as  much  American  foul-brood  was  found  as  European 
foul-brood,  while  during  the  last  year  there  has  been  found  more  European 
foul-brood  than  American  foul-brood.  This  occurs  because  by  a  closer 
study  of  the  European  foul-brood  it  has  been  found  that  much  of  it  assumes 
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the  appearance  of  American  foul-brood.  At  the  present  time  laboratory 
diagnosis  is  just  being  started  and  from  this  we  hope  to  gain  much  informa- 
tion in  regard  to  the  extremely  variable  symptoms  of  European  foul-brood. 
In  this  respect  our  work  is  unique  as  apparently  no  other  State  Inspec- 
•tors  Office  is  making  any  laboratory  study  of  the  disease. 

The  recent  legislature  saw  fit  to  amend  the  inspection  law  some- 
what giving  the  State  Inspector  authority  to  quarantine  districts  where 
foul-brood  is  epidemic.  Also  the  appropriation  was  increased  from 
$3,000  to  $10,160.  With  the  increased  resom-ces,  it  is  hoped  that  in- 
spection service  can  be  given  to  all  who  are  in  need  of  it. 

On  July  8,  1918,  Mr.  D.  P.  Barrett  enlisted,  thus  leaving  the  office 
without  an  experienced  deputy.  Mr.  D.  L.  Ulinan  was  secured  to  complete 
Mr.  Barrett's  unfinished  work,  Mr.  Barrett  is  again  with  this  office 
in  his  usual  capacity.  Mr,  R.  H.  Kelty  began  work  as  a  deputy  on  July  1, 
1918.  Mr.  Kelty  is  doing  some  inspection  work,  but  is  chiefly  engaged  in 
the  bacteriological  work  referred  to  above. 

Respectfully  submitted, 

B.  F.  KlNDIG, 
State  Inspector  of  Apiaries 
East  Lansing,  Mich.,  June  30,  1919. 


REPORT  OF  THE  DEPARTMENT  OF  METEOROLOGY. 

President  F,  S.  Kedzie,  College. 

Dear  Sir — I  have  the  honor  to  submit  the  following  report  on  the 
work  of  this  department  for  the  school  year  just  closed: 

The  usual  course  in  meteorology  was  conducted  during  the  spring  term, 
thirteen  students  being  enrolled  for  the  subject. 

A  course  in  meteorology  was  given  to  54  students  in  the  S.  A.  T.  C. 
dm-ing  the  fall  term  of  1918. 

Very  respectfully, 

D.  A.  SEELEY, 
Instructor  in  Meteorology 
East  Lansing,  June  30,  1919. 
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Monthly  Meteorological  Bwnmary,  Lansing,  Michigan,  July,  1918. 


lonthrinoelMa. 


Moui  highest  tanpermture . . . 
Moui  lowest  temperature — 
Mean  tempcntiire  for  month . 
Total  precipitation  for  month 


Wbathbr 


SUNBHIMX. 


Number  hours  sunshine 
FiosmUe  hours  sunshine . 
Ffereentace  of  possible . . 


81.9 
66.4 
69.2 
1.96 


317.0 

464.9 

68 


Meu 

Total 

tempen. 

Pfedpita. 

ture. 

tiOD. 

u.'s 

1.25 

05.6 

S.91 

71.7 

4.19 

71.6 

1.78 

77.2 

1.11 

70.4 

6.77 

74.4 

8.02 

70.6 

8.10 

74.9 

8.86 

70.8 

6.12 

72.0 

2.60 

69.7 

2.42 

72.6 

2.10 

71.4 

2.25 

73.0 

2.96 

74.0 

2.19 

68.0 

6.27 

73.1 

1.81 

67.6 

2.32 

68.9 

11.27 

68.0 

2.60 

72.7 

2.52 

70.7 

0.65 

76.6 

1.60 

70.6 

2.40 

70.2 

8.41 

71.1 

0.92 

66.3 

1.88 

70.3 

2.00 

71.6 

1.86 

73.2 

0.86 

70.5 

1.47 

71.8 

6.73 

78.8 

8.49 

1898 

70.0 

1.34 

1899 

69.8 

2.11 

1900 

69.6 

4.16 

1901 

74.2 

6.08 

1902 

70.6 

7.18 

1903 

67.9 

3.79 

1904 

69.2 

1.97 

1905 

69.8 

6.76 

1906 

70.8 

2.23 

1907 

70.0 

4.30 

1908 

7.32 

1.03 

1009 

70.0 

2.66 

1910 

71.0 

1.63 

1911 

71.3 

1.66 

1912 

69.6 

6.06 

1913 

70.8 

2.86 

1914 

71.0 

1.66 

1915 

67.9 

5.17 

1916 

76.1 

0.09 

1917 

70.0 

3.06 

1918 

69.2 

1.96 

[ean,  30.02  inches;  highest,  30.20  inches,  on  4th;  lowest,  29.74  inches,  ou  lat. 

-mghest.  94^  on  26th;  lowest,  42^  on  3l8t;  peateet  daily  range,  34^  on  19th;  least  daily  mnge,  9<',on  16th: 
I,  70.9*;  excess  or  deficiency  this  month,  —1.7^;  accumulated  excess  or  deficiency  since  Janaury  1st.  —844*: 
oe  period.  - 1 .  e»:  highest  in  33  years,  102*  lowest.  37*. 


-1.26;  since  January  1st,  —1.62; 


BABOmriR— Mean,  30.02  inches;  hi^est,  30.20  inches,  on  4th;  lowest,  29.74  inchee,  ou  lat. 

TmnRAUTU— ffighest,  f '^ 
oonnal  for  month,  T  ' 
ayerage daily, same  iwriuu.—m.v  ,uikimv»«uuuj««io,<v«     

PncmTATiON  (in  inches)— Total  amount,  1.96;  normal,  3.22;  excess  or  deficiency  this  month,  - 
grcatert  amount  in  any  24  hour  period,  1.36,  on  26th;  total  snowfall,  0.0  inches. 

Wxiii>— Prevailing  direction,  southwest;  tota(  movement,  2,971  miles;  average  hourly  velocity,  4.0  'miles;  nia»imii^  veio. 
eily  17,  from  northwest  of  Ist. 

Dath  or—  AuronWt  0;  fog,  dense,  0;  hail ,  0;  thunderstorms,  2, 23, 24, 26, 29;  Halos:  solar,  3, 4, 6, 8, 13;  lunar,  0;  frost:  killinc. 
0:  heavy,  0;Iigfat,8,31. 

DEWEY  A.  SEELEY, 
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Monthly  Meteorological  Summary,  Lansing,  Michigan,  August,  191^, 


Temperature. 

This  month  since  1863. 

Precipita- 
tion in 

Character  of 

Percent- 
age of 

Date. 

inches. 

day. 

possible 

Mean 

Total 

Highest. 

Lowest. 

Mean. 

sunshine. 

Year. 

ture. 

precipitin 
tion. 

80 

47 

64 

0 

Pkrtly  cloudy... 

98 

1863 
1864 

3.00 

1 

70.7 

0.89 

2 

76 
73 

60 
46 

62 
69 

0 
0 

Clear 

71 
44 

1866 
1866 

66.8 
62.6 

3  38 

3 

Cloudy 

8.44 

4 

89 

64 

72 

0.04 

Partly  cloudy... 

62 

1867 

69.8 

1.74 

5 

97 

66 

81 

0 

Partly  cloudy. . . 

86 

1868 

70.8 

2.42 

6 

102 

98 

73 
70 

88 
84 

0 
0 

Clear 

96 
69 

1869 
1870 

70.6 
70.1 

4.85 

7 

Clear 

4.63 

8 

92 

66 

78 

0.04 

Partly  cloudy... 

63 

1871 

71.2 

1.42 

9 

76 

60 

68 

T. 

Cloudy 

21 

1872 

71.2 

4.18 

10 

87 

66 

72 

0 

Partly  cloudy... 

62 

1873 

69.6 

0.80 

11 

90 

68 

79 

0.16 

Pkrtly  cloudy... 

60 

1874 

69.4 

1.28 

12 

90 

67 

78 

T. 

Pisrtly  cloudy... 

62 

1876 

66.6 

1.47 

18 

96 

76 

86 

0 

Clear 

100 

1876 

71.6 

1.28 

14 

84 

69 

72 

0 

Partly  cloudy... 

66 

1877 

68.5 

6.67 

16 

86 
73 

64 
61 

70 
67 

0 
0.03 

Clear 

94 
0 

1878 
1879 

70.2 
70.0 

1.86 

16 

Cloudy 

1.61 

17 

80 

68 

69 

0 

Pkrtly  cloudy... 

97 

1880 

68.6 

6.02 

18 

82 
83 

62 
60 

67 
66 

0 
0 

Clear 

100 
100 

1881 
1882 

72.7 
69.6 

1.63 

19 

Cf— 

6.72 

20 

87 

61 

74 

0 

CI 

97 

1883 

64.9 

0.18 

21 

93 

66 

79 

0.11 

ft 

64 

1884 

66.9 

1.80 

22 

89 

68 

78 

0 

CI 

67 

1886 

63.6 

6.75 

23 

92 

68 

80 

0.26 

ft 

43 

1886 

69.3 

4.69 

24 

86 

61 

74 

0 

ft 

60 

6887 

68.0 

0.89 

26 

87 

67 

72 

0 

ft 

79 

1888 

67.6 

1.87 

26 

86 

69 

72 

0 

CI 

61 

1889 

68.6 

0.68 

27 

84 

61 

68 

0 

ft 

76 

1890 

66.4 

3.60 

28 

79 

63 

71 

0.42 

CI 

16 

1891 

67.9 

4.83 

29 

78 

64 

66 

0 

CI 

99 

1892 

68.3 

5.12 

30 

80 

62 

66 

T. 

CI 

47 

1893 

68.1 

0.66 

31 

72 

60 

61 

0.39 

ft 

69 

1894 
1896 
1896 

68.8 
71.2 
70.0 

0.00 
4.64 

4.78 

1897 

66.9 

1.09 

Mean  highest  temperatu 

re 

86.2 
69.3 

1898 
1899 

09.0 
71.4 

2.78 

Mean  lowest  tempentur 

e 

0.70 

Mean  temperature  for  m 

onth 

72.2 

1900 

73.3 

3.98 

Totol  precipitation  for  on 

onth 

1.44 

1901 
1902 
1903 

68.4 
64.2 
64.3 

2.49 
0.68 
6.7S 

Wkath 

KB 

1904 
1906 
1906 

66.9 
69.6 
73.6 

3.26 
3.92 
4.36 

Number  days  clear 

9 

1907 

65.6 

2.87 

Fartbrcloudly 

15 

1908 

68.4 

3.99 

Clouchr 

7 
8 

1909 
1910 

71.0 
68.2 

1.61 

With  0.01  or  more  of  pi 

■ecipitation. 

1.76 

1911 

68.2 

1.48 

1912 

66.7 

2.19 

SONBHIN 

». 

1913 
1914 
1916 

69.4 
68.9 
63.4 

5.60 
3.33 
4.03 

Number  hours  of  sunahin 

e 

286.9 

1916 

71.0 

1.68 

Possible  hon 
Percentage  0 

minshinA. 

430.7 
66 

1917 
1918 

67.0 
72.2 

1.47 

f  possible.. 

1.44 

BAROMiraR— Mean,  SO.OOinches;  highest,  30.37inches,  on  19th;  lowest,  29.70inches  on  4th. 

TsMPKBATUiuD— Highest,  102^,  on  6th;  lowest,  45^,  on  3rd;  greatest  daily  range,  86°,  on  41sti  least  daily  range,  12*^,  on  16th: 
normal  for  month,  68.4°;  excess  or  deficiency  this  month.  +3.8°;  accumulated  excess  or  deficiency  since  January  Ist,  —220^ 
average  daily,  same  period,  —0.9°;  highest  in  33  years  102^,  lowest,  32°. 

PiiBCiprrATiON  (in  inches) — Total  amount,  1.44;  normal,  2.63;  excess  or  deficiency  this  month, —1.19;  since  Jan.  Ist., 
—2.71;  greatest  amount  in  any  24  hour  perioa,  0.42,  on  28th;  total  snowfall,  0.0  inches. 

WiNi>--Prevailing  direction,  southwest;  total  movement,  3,312  miles;  average  hourly  velocity,  4.5  miles;  ikiaximum  velo- 
city 22,  from  the  southwest,  on  the  11th. 

DATK8  or-Auroras,  2, 24. 31;  fog,  dense,  0;  hail,  0;  thunderstorms,  4, 8, 11, 21, 23, 28,  31;  Halos:  solar,  1,  26.  30;  lunar,  0 
Frost:  killing,  0;  heavy,  0;  light,  0. 

PEWEY  A.  SEELEY, 

Meteorologitt. 
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Monthly  Meteorological  Summary,  Lansing,  Mich.,  September^  1918. 


Temperature. 

Precipita- 
tion in 
inches. 

Character  of 
day. 

Percent- 
age of 
poodble 
sunshine. 

Thi8monthsinoel863.        WP 

Date. 

Higheet. 

Lowest. 

Mean.* 

Year. 

Mean 
tempera- 
ture. 

Total 
precipita- 
tion. 

79 
76 
76 
68 
67 
70 
72 
76 
78 
63 
61 
63 
66 
74 
70 
56 
64 
61 
53 
64 
66 
60 
69 
62 
66 
54 
66 
72 
68 
64 

48 
68 
54 
52 
46 
39 
48 
45 
52 
41 
44 
48 
46 
42 
50 
43 
41 
42 
39 
38 
37 
34 
42 
51 
42 
84 
34 
40 
34 
35 

64 
67 
65 
56 
56 
64 
60 
60 
66 
52 
52 
56 
56 
68 
60 
50 
52 
52 
46 
46 
46 
47 
56 
56 
1         54 
44 
60 
56 
46 
44 

0 

T. 

0 

1.42 

0 

0 

0.26 

0 

0 

0 

0.39 

0.26 

0 

0.04 

0.10 

0.18 

0 

0.03 

0.01 

0.02 

T. 

0 

0 

0.05 

0.12 

0 

0 

0 

0.01 

0 

Clear 

100 

9 
45 

0 
75 
68 
60 
94 
41 
88 

0 
16 
43 
62 
10 

0 
78 
15 
16 
10 
56 
.  48 
87 
21 
56 
87 
100 
89 
36 
76 

1863 
1864 
1866 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1897 
1880 
1881 
1882 
1883 
1884 
1886 
1886 
1987 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1896 
,  1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1016 
1917 
1918 

0  89 

1 

59.6 
67.7 
55.8 
56.6 
58.8 
63.5 
63.7 
59.1 
62.0 
67.4 
62.8 
58.5 
56.3 
61.8 
63.2 
56.2 
56.8 
69.7 
59.9 
56.4 
65.1 
58.9 
62.1 
58.9 
57.8 
61.2 
57.7 
65.1 
60.8 
58.4 
63.7 
66.6 
57.6 
62.9 
63.8 
57.0 
63.2 
61.7 
58.7 
61  0 
62.0 
63.8 
67.fi 
61  8 
66.4 
604 
602 
61.5 
62.7 
61.0 
60.3 
63.2 
60.4 
58.6 
64.2 

3.53 

2 

Cloudy 

4.79 

3 

4 

fttftly  cloudy... 

5.80 
1.42 

5 

6 

7 

8 

Partly  olouciy... 
Pkrtly  cloudy... 
Partly  cloudy... 
Clear 

2.'95 
1.43 
2.85 
0.79 

S 

Cloudy 

5.21 

10 

11 

Clear...- 

Cloudy 

3.50 
1.27 

12 

13 

14 

16 

Cloudy 

Partly  cloudy. . . 
Ptetlycloudy... 

2.89 
3.66 
1.38 
8.41 

16 

17 

18 

19 

Cloudy 

Pkrtly  cloudy... 

Clouir 

Cloudy 

8.19 
3.10 
2.01 
0.67 

20 

Cloudy 

2.34 

21 

22 

28 

24 

Cloudy 

Partly  cloudy... 
Ptethr  cloudy... 
Cloudy 

3.84 
3.76 
5.40 
4.72 

26 

26 

27 

Partly  cloudy... 
Pkrtly  cloudy... 
Clear 

1.89 
0.79 
1.67 

28 

Clear. 

1.10 

29 

30 

31 

Cloudy 

Pkrtly  cloudy... 

2.17 
1.84 
2.50 

0.85 

Mean  highest  temnerAtt 

ffC 

65.0 
43.8 
54.2 

2.88 

6 
12 
13 
13 

178  4 

374.8 

48 

6.73 
0.80 
3.00 

Meanlowet 
Mean  temp 
Totolprecij 

number  day 
Fkrtlycfn 

l^lthOO 

ittemperatui 
Bratureforn 
citation  for  n 

Bolear 

»dy 

re 

lonth 

lonth 

• 

Wkathb 

I. 

2.14 
0.89 
1.67 
5.88 
2.86 
2.35 
3.21 
0.76 
4.68 
0.65 
1.5t 

lor  more  of  1 

vecipitation 

2.74 

SlTNBHlf 

IK. 

505 
3.33 
1.53 
2.65 
6.56 
2.17 

Ponblehoi 
Percentage 

ire  sunshine 
of  possible.. 

4  60 

2.88 

Babohbtib— Mean,  30.07  inches;  highest,  30.52  inches,  on  10th;  lowest,  29.62  inchee,  on  18th. 

TmnEBATUBB— Highest,  79**,  on  Ist;  lowest,  34®,  on  27th;  greatest  daily  range,  32  on  27th;  least  daily  range,  6**  on  4th;  n  ortnal 
for  mooth,  61.6**:  excess  or  deficiency  this  month.  >-7.4**.  accumulated  excess  or  deficeincy  since  January  Ist,— 443°;  average 
daily.sameperioa,— 2.6**;  higfaestin  33  years,  99*,lowe8t,  21®. 

PnciFn  ATiON  (in  inches}— Total  amount,  2.88;  normal,  2.62  excess  or  deficiency  this  month,  ±0.26;  since  January  Ist.— 2.45; 
greatest  amount  in  any  24  hour  period,  1.42,  on  4th;  total  snowfall, 0.0  inches. 

WmD— Prevailing  direction,  southwest;  total  movement,  3,478  miles;  average  hourly  velocity,  4.8  miles,  maximum  velo  ity 
18,  from  the  southwest,  on  the  18th. 

Datm  of— Auroras.  0;  fog,  dense,  0;  hail,  12;  thunderstorms.  7, 12, 18;  Halos:  solar.  2, 17;  lunar.  17;  frost:  killing,  0  heavy, 
22.  26, 27, 29;  light.  6, 17. 

DEWEY  A.  SEELEY. 

Meteorologist. 
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Monthly  Meteorological  Summary,  Lansing,  Mich.,  October,  1918, 


Temperature. 

This  month  sinoe  1 

863. 

Precipita- 
tion in 

Character  of 

Percent- 
age of 

Date. 

inebes. 

day. 

possible 

Mean 

ToUl 

Highest. 

Lowest. 

Mean. 

sunshine. 

YeskT. 

tempera- 
ture. 

precipita- 
tion. 

60 

29 

44 

0.10 

Cloudy 

83 

1863 
1864 

1.04 

1 

45.7 

1.86 

2 

64 

44 

54 

0.04 

Plsrtly  cloudy... 

48 

1865 

46.5 

2.76 

3 

61 
72 

38 
34 

60 
53 

0 
0 

Clear 

100 

78 

1866 
1867 

49.6 
60.6 

3.57 

4 

Cloudy 

2.11 

«... 

76 

60 

68 

0.01 

Pfcrtly  cloudy... 
Cloudy 

59 

1868 

45.2 

1.11 

6 

60 
61 

44 

40 

62 
50 

T. 
0 

0 
70 

1869 
1870 

40.8 
52.5 

1.72 

7 

Fir  tly  cloudy... 
Partly  Cloudy... 

2.2l» 

8 

66 

31 

48 

005 

73 

1871 

539 

1.4.* 

9 

71 

47 

59 

0.15 

Clear 

82 

1872 

47.4 

0.67 

10 

73 

47 

60 

•  0 

Pkrtly  Cloudy... 

99 

1873 

44.7 

1  91 

11 

76 

51 

64 

0.06 

Pirtly  cloudy... 

78 

1874 

49.1 

049 

12 

73 

57 

65 

0.01 

Partly  cloudy...'. 

86 

1876 

42.9 

5.81 

13 

65 

40 

52 

0 

Partly  cloudy... 

64 

1876 

43.7 

1.26 

14 

60 
69 

35 
35 

48 
52 

0 
0 

Clear 

06 
61 

1877 
1878 

50.8 
48.3 

5.69 

16 

Partly  cloudy... 

1.99 

16 

06 
77 
66 
61 

43 
46 
37 
31 

54 
62 
46 
46 

0 

0 

0 

0.35 

Clear 

100 
90 

100 
05 

1879 
1880 
1881 
1882 

57.3 
46.2 

IV7 

1.57 

17 

C.oar 

2.84 

18 

Clear 

5.56 

19 

Partly  cloudy... 

2.64 

20 

66 

40 

62 

0.33 

Pfcrtlycloa<&... 

60 

1883 

46.2 

3.66 

21 

69 
60 
66 
61 
69 
66 
68 

34 
37 
42 
60 
48 
44 
68 

46 

.     48 

49 

66 

64 
50 
60 

0 
0 
0.44 
0.69 
0.04 
T. 
0.84 

Clear.....  .... 

100 
76 
0 
0 
0 
0 
6 

1884 
1885 
1886 
1887 
1888 
1889 
1890 

60.9 
45.0 
52.4 
46.0 
46.7 
44.2 
49.1 

5.73 

22 

Cloudy 

3  08 

23 

Cloudy 

0.96 

24 

Cloudy 

1.86 

25 

Cloudy 

3  00 

20 

Cloudy 

0.66 

27 

Cloudy 

4.56 

28 

69 
61 

45 
43 

52 
62 

T. 
T. 

Cloudy 

18 
69 

1891 
1892 

48.8 
48.8 

0.82 

29 

PkrUyoloudy.... 

0.78 

30 

64 

38 

46 

0 

Ptotly  cloudy... 

91 

1893 

49.7 

3.61 

31 

43 

32 

38 

0.10 

Cloudy 

0 

1894 
1895 
1896 

49.8 
45.0 
44.6 

1.91 
1.41 

1.0) 

1897 

63.1 

2  15 

Mean  highest  tempentu 

re 

63.4 

1898 

49.6 

3.66 

Mean  loweit  temperatur 

e 

41-8 

1899 

53.2 

2.68 

Mean  temperature  for  m 

onth 

52.6 

1906 

66.6 

2.77 

Total  preoipitotioo  for  n 

wnth 

3.21. 

1901 
1902 
1903 

49.6 
49.6 
51.0 

4.61 
1.63 
2.01 

WlATHM. 

1904 

.1906 

1906 

48.6 
50.9 
49.2 

1  90 
1.75 
2.36 

Number  days  dear 

7 

1907 

46.0 

2.22 

Ptfthroloady 

13 

1908 

51.5 

082 

11 
14 

1909 
1910 

46.2 
51.8 

0.71 

WiZhO.  di  or  more  pre< 

sipitation.. 

2.27 

1911 

48.0 

5.00 

1912 

60.4 

344 

SUICBHIM 

n. 

1913 
1914 
1916 

60.2 
54.6 
61.1 

3.30 
•2.81 
0.70 

208.4 

1916 

49.7 

2.63 

341.9 

1917 

41.2 

S.44 

Peroentage  of  possible . . 

61 

1918 

62.6 

S.21 

BAitf>MnTBB— Mean,  30.06  inches;  hi|dbest,  30.44  inches,  on  lst;loweet,  29.52  inches,  on  28th. 

TucPUUTDRC.— Highest, 77^ on  17{h{ lowest, 29^ on  l8t;grea8test daily ranffe,38^ on  4th:  leastdaily  range,  ll^on  31st; 
normal  for  month,  49.0^;  excess  or  deficiency  this  month,  ±3.6^;  accumulated  excess  or  deficiency  since  January  Ist,— 333^; 
average  daily,  same  period,  —1.1*;  highest  in  33  years,  90**;  lowest,  10^ 

PRBCiprrATiON  (in  inches)— Total  amount,  3.21;  normal,  2.23  excess  or  deficiency  this  month,  ±0.98;  since  January  Ist,— 1.47; 
greatest  amount  in  any  24  hour  period,  0.84,  on  27th;  totals  now&U ,  0.0  inches. 

Wind— Prevailing  direction,  southwest;  total  movement,  4,714  miles;  average  hourly  velocity,  6.3  miles;  maximum  velocity 
6.3  miles;  maximum  velocity  22,  from  the  northeast,  on  18th. 

Dates  of— Auroras.  0;  fog,  dense,  8;  hail,  0;  thunderstorms,  0;  Halos:  solar,  1-4, 10. 19, 22, 30;  lunar,  15;  frost:  killing,  1;  heavy. 
0;  light,  0. 

DEWEY  A.  SEELEY, 

Meteorologist. 
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Monthly  Meteorological  Summary,  Laming,  Mich,,  Novemher,  1918. 


Temperature 

This  month  since  1863. 

Preeipita- 
tion  in  I 

Charaeier  of 

Peroent- 
age off 

Date. 

inches. 

day. 

possible 

Mean 

Total 

Highest. 

Lowest. 

Mean. 

sunshine. 

Tear. 

••SST 

praciplta. 
tion. 

1 

39 
49 
64 
49 

33 

29 

•    40 

36 

36 
39 

47 
42 

T. 

0 

0.16 

0 

Cloudy 

1 

100 

9 

8 

1868 
1864 
1865 
1886 

0.40 

2 

Clear 

87.9 
38.6 
37.9 

4.12 

3     

Cloudy 

0.68 

4 

Cloudy 

2.60 

5 

54 

36 

45 

0 

Clear 

100 

1867 
1868 

40.4 
36.8 

1.77 

2.44 

6. 

61 
60 
54 
53 

36 
48 
48 
38 

48 
54 
51 
46 

T. 
0.11 
1.34 
0.02 

Clear 

98 
8 
0 

20 

1860 
1870 
1871 
1872 

32.1 
38.4 
32.0 
29.8 

1.9S 

7 

Coudy 

0.91 

8     .. 

CouS 

1.25 

9 

cSSdJ.:::::::: 

0.98 

10 

46 

29 

38 

0 

P^tly  cloudy... 

49 

1873 
1874 

28.5 
85.0 

2.03 
1.61 

11 

48 

27 

38 

0 

Partly  cloudy... 

70 

1875 

38.0 

1.11 

12 

50 

31 

40 

0 

Pkrtly  cloudy... 

51 

1876 

36.3 

0.91 

13 

46 

31 

38 

0 

ftkrtly  cloudy... 

63 

1877 

38.2 

3.67 

14 

53 
57 

28 
43 

40 
50 

0 
0 

Clear 

100 
10 

1878 
1979 
1880 

36.8 
38.2 
i7.5 

2.16 

15 

Cloudy 

4.55 

2.32 

16 

53 

49 

51 

0.25 

Cloudy 

0 

1881 

38.2 

4.09 

17 

63 
51 
43 
40 

50 
38 
35 
34 

56 
44 

39 
37 

0.63 
0.13 
0.27 
0.04 

Cloudy 

21 

0 
0 
0 

1882 
1883 
1884 
1885 
1886 

36.8 
88.1 
34.1 
37.2 
83.9 

1.83 

18 

Cloudy 

3.98 

19 

Cloudy 

1.84 

20 

Cloudy 

2.90 

1.48 

21 

38 
34 
37 
39 

34 
28 
27 
24 

36 
31 
32 
32 

0 

T. 

0 

0 

Cloudy 

0 
0 

74 
100 

1887 
1888 
1889 
1890 

36.7 
38.5 
87.4 
39.1 

2.28 

22 

Cloudy 

8.12 

23 

Clear 

2.67 

24 

Clear 

2.30 

25 

38 

24 

31 

0 

Pkrtly  cloudy... 

53 

1891 
1892 

34.0 
34.2 

3.34 
1.84 

26 

38 

20 

29 

0 

Partly  cloudy... 

78 

1893 

35.6 

2.19 

27 

44 

49 

25 
31 

34 
40 

0 
0.24 

Clear 

100 
2 

1894 
1895 

32.5 
35.4 

0.97 

28 

Cloudy 

3.87 

29 

43 

29 

36 

T. 

Partly  cloudy... 
Clouir 

35 

1896 

37.1 

1.06 

30 

35 

21 

28 

0.03 

41 

1897 
1898 
1899 
1900 

86.5 
33.1 
39.7 
35.8 

2.94 

31 

2.72 

1.72 

5.10 

Mean  highest  tempentu 

ro 

47.8 

1901 

32.8 

1.21 

•e 

33.4 

1902 

43.0 

2.46 

Mean  temperature  for  m 

onth 

40.4 

1903 

34.0 

1.45 

Total  precipitation  for  n 

wnth 

3.22 

1904 
1905 

40.0 
35.8 

0.04 
2.25 

WlATHl 

n. 

1906 
1907 

37.0 
36.0 

2.66 
1.83 

Number  dajm  clear 

7 

1908 

38.2 

1.82 

Pkrtlycloiidy 

7 

1900 

44.5 

3.74 

C10O&.. 
WithO.O] 

16 
11 

1910 
1911 

34.0 
33.8 

1.37 

ormoreDTM 

upitation.. 

3.40 

1912 

38.6 

2.86 

1913 

41.7 

2.38 

SUMBHII 

IB. 

1914 
1915 

37.6 
39.8 

1.40 
2.23 

Number  hours  sunshine. 

116.0 

1916 

.      38.0 

1.68 

Possible  hours  sunshine. 

292.1 

1917 

35.8 

0.82 

Peroentage 

»f  possible.. 



40 

1918 

40.04 

3.22 

Babombtir— Mean,  30.01  inches;  Highest,  30.50  inches,  on  11th;  Lowest,  29.12  inches,  on  28th. 

TuiPBBATURB— Highest.  63**,  on  17th;  lowest.  20^  on  26th;  greatest  daily  range,  25**,  on  14th:  least  daily  range.  4**  oo  16th 
normal  for  month.  36.8**;  excess  or  daficienoy  this  month,  +3.6**»ooumuIated  excess  or  deficiency  since  January  1st.  —249**; 
average  daily,  same  i>erioa.  —0.7**;  highestin  33  years.  72^,  lowest,  0 . 

PBBC3PiTATiON(ininohes)— Totalamount.3.22;  normal, 2.41;  ezceeBordeficiencythismonth.+0.8l;8ince  January  1st,  —0.66. 
greatest  amountin  any  24  hour  period.  1.36,  on  7th  and  8th;  total8nowfall,0.3inohes.  ' 

WnvD— Prevsiling  direction,  southwest;  total  movement,  5,366  miles;  average  hourly  velocity,  7.5  miles;  maximum  velocity 
36  Jrom  the  southwest,  on  28th. 

Datis  of— Auroras,  0;  fog  dense,  0;hail,0;  sleet,  0;  thunderstorms,  17;  Halos.  solar,  12;  lunar,  0  frost:  killing,  0;  heavy.  0; 
light.  0. 

DEWEY  A.  SEELEY. 

Meteorologist 
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Temperature. 

Precipita- 
tion in 
inches. 

Character  of 
day. 

Percent- 
age of 
posnble 

This  month  since  1863. 

Date. 

Highest. 

Loweet. 

Mean. 

Year. 

Mean 
tempera- 
ture. 

Total 
precipita- 
tion. 

1 

35 
38 
36 
30 
38 
36 

48 
53 
42 
35 

44 

42 
45 
41 
42 

46 
42 
32 
50 
47 

50 
54 
40 
30 
28 

29 
29 
25 
23 
34 
36 

14 

29 
27 
28 
27 
29 

31 
32 
81 
30 

32 
29 
36 
86 
30 

29 
28 
27 
29 
36 

44 
40 
28 
28 
9 

16 
13 
2 
19 
22 
30 

24 
34 
32 
29 
32 
32 

40 
42 
36 
32 

38 
36 
40 
38 
36 

38 
35 
30 
40 
42 

47 
47 
34 
29 

18 

22 
21 
14 
21 
28 
33 

T. 

0.01 

0.14 

0.02 

0 

0 

0 

0 

0.41 

0.34 

0.01 
0.02 
0.55 
0.14 
0 

0 
0 
0 
0 
0.02 

0.97 
0.02 
0 
0.74 
0.11 

0 

T. 

T. 

0.01 

0 

0.10 

Cloudy 

0 
0 
0 
0 
0 
70 

63 

73 

4 

0 

42 
71 
0 
0 
52 

100 

68 
0 

78 
0 

0 
21 
13 

0 

78 

16 
30 
71 

0 
29 

0 

1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 

1.71 

2 

Cloudy 

24.4 
26.7 
25.5 
25.8 
21.2 
28.2 
24.8 
21.1 
15.7 
29.5 
27.0 
31.6 
15.2 
86.6 
21.3 
27.5 
22.1 
34.3 
24.8 
26.4 
24.7 
27.8 
19.7 
27.3 
30.4 
36.8 
26.4 
34.6 
25.6 
27.6 
30.1 
28.5 
28.1 
26  6 
24.8 
25.0 
267 
21.6 
24.8 
19.7 
•       21  7 
302 
26.8 
22  7 
26  4 
23.0 
21  6 

31  1 
31.0 
31.8 
21  6 
24.8 
22.7 
19  1 

32  9 

3.20 

3 

Cloudy  . 

1.43 

4 

Cloudy 

1.90 

6 

Cloudy  .  . 

1  34 

6 

Cloudy 

1.35 

7 

Clear 

2.11 
2.57 

8 

Clear 

1  76 

9 

Cloudy 

1.06 

10 

Cloudy 

3.02 

11 

12 

Pfcrtly  cloudy... 
Cloudy 

0.37 
2.80 
1.29 

13 

Cloudy 

1  03 

14 

15 

16 

17 

18 

Cloudy 

Phrtly  cloudy... 

Clear 

2.27 
3.56 
0.85 
1,76 
0.88 
1.28 

19 

Clear 

4.15 

20 

Cloudy 

2  14 

21 

Cloudy 

1.56 
3  32 

22 

23 

Cloudy 

Cloudy 

1.20 
2  61 

24 

Cloudy 

1.12 

25 

Clear 

1  47 

2« 

Cloudy 

1.52 
2  28 

27 

28...^... 
29 

Cloudy 

Phrthr  cloudy. . . 
Clou3y 

0.93 
5.39 
0  80 

30 

Cloudy 

2  02 

31 

Cloudy 

1.42 

1.51 

Mean  higfaeBttempcraii 

Moan  lowest^  lenmnrmtiu 

ire 

38.7 
27.1 
32.9 
3  61 

5 
4 
22 
16 

79.4 

280  8 

28 

0.50 
3.00 
2  89 

ro 

1  75 

Meantemn 
Total  precii 

Number  daj 
With  0.0 

Number  h<M„ 

sraiure  for  m 
Htatioiiforn 

iTBclear 

Kmth 

iionth 

Wbath 

RK. 

1  42 
2.54 
i  86 
4.19 
2,08 

2  91 

yady 

1  28 

1  58 

lor  more  of 

irecipitatior 



SlNBHII 

«K. 

1.20 
055 
1.57 
1.01 
2  11 

Percentage  of  rvMithln . 

0  74 
3  61 

Baromktkr— Mean,  30.05 inches;  highest,  30.62 inches,  on  18tb;  lowest,  29.4 8 inches, on  3rd. 

TRMPKRATirRi— Highest,  54®,  on  22nd;  lowest,  2**,  on  28th;  greatest  daily  range,  23°,  on  28th;  least  daily  range,  2**,  on  24th; 
normal  for  UKHith,  26.8**;  excess  or  deficiency  this  month,  +6. 1®;  accumulated  excess  or  deficiency  since  January,  Ist,  —39  ; 
average  daily,  sanoe  ^od,  —0.1°;  highest  in  33  years,  62*,  lowest,  — 24*». 

PKBCiprrATioN  (ininches)— Total  amount,  3.61;  normal, 2.08;  excess  or  deficiency  this  month,  +  1.53;Bince  January  1st, -1-0.87; 
greatest  amount  in  any  24  hour  period,  0.97,  on  2lBt  and  22nd;  total  snowfall,  lO.Oinches. 

Wind— Prevailing  direction,  southwest;  total  movement,  4,875  miles;  average  hourly  velocity,  6.6  miles;  maximim  velocity 
25jTom  the  northwest  on  the  5th. 

Dates  or— Auroras,  7, 8;  fog,  dense,  31;  hail,  0;  sleet,  12, 13;  thunderstonns,  0;  Halos:  solar,  7, 12, 17;  lunar,  0;  frost:  killing  0- 
heavy,  0;  light,  0.  *    ' 

DEWEY  A.  SEELEY, 

Meteorolopst. 
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Temperature. 

Precipita- 
tion in 
inches. 

Character  of 

Peroent- 
age  of 
poHible 
sunshine. 

This  month  Binee  1863. 

Date. 

Higbeet. 

Lowest. 

Mean. 

Year. 

Mean 

tempera- 

tiue. 

Total 

preeipita- 

tion. 

1...      . 

35 
20 
9 
13 
19 

28 
33 
29 
31 
33 

26 
33 
40 
34 
38 

41 
43 
42 
32 
35 

52 
44 
44 
41 
46 

44 

48 
36 
32 
41 
34 

20 
9 
-2 
-1 
-1 

18 
27 
21 
10 
13 

10 
10 
31 
28 
27 

31 
31 
31 
29 
29 

35 
86 
33 
30 
30 

29 
28 
25 
25 
28 
20 

28 
14 
4 
6 
9 

23 
30 
25 
20 
23 

18 
22 
36 
31 
32 

36 
37 
36 
30 
32 

44 

40 
38 
36 
38 

36 
38 
30 
28 
34 

0.06 

0.01 

0 

T. 

T. 

0.03 
0.01 
0.01 
0.02 
0 

0 
0 
0 
T. 
0 

0 
0 
0.02 
0 
0 

0 
0.02 
0.17 

0 
T. 

0 
0 
0.01 
T. 
0 
0 

Cloudy 

0 

0 

100 

90 

14 

17 

4 

0 

92 

96 

88 
47 
42 
0 
64 

88 
66 
48 
0 
14 

67 
33 
0 
70 
66 

100 
82 
0 
8 
100 
100 

1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1906 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 

2 

Cloudy 

22.3 
21.1 
21.2 
17.6 
19.0 
29.5 
25.4 
24.8 
21.6 
15.9 
27.7 
12.9 
30.2 
18.1 
29.1 
19.2 
37.1 
17.0 
24.9 
14.4 
15.5 
15.8 
18.8 
18.2 
15.4 
28.0 
31.5 
26.7 
19.2 
14.8 
26.9 
17.5 
24.6 
22.3 
24.9 
21.7 
26.6 
22.2 
20.5 
20.7 
14.4 
18.2 
31.8 
23.2 
23.8 
26.6 
23.4 
25.2 
9.2 
26.2 
27.0 
20.4 
27.6 
21.0 
10.2 
28.5 

0.94 

3 

4 

5 

Clear 

Partly  cloudy... 
Cloudy    .... 

0.65 
2.<B 
1.68 

6.. 

Cloudy 

1.47 
0.87 

7 

Cloudy 

1.93 

8 

Cloudy 

3.95 

0 

Clear 

0.42 

10 

Clear 

2.98 

11 

Clear 

3.53 
1.81 

12 

Cloudy 

1.63 

13 

Cloudy 

1.83 

14 

16 

16 

17 

18 

19.  ..   . 

Cloudy 

Ptetly  cloudy... 

ParUy  cloudy... 
Pkrily  cloudy... 

1.12 
0.49 
2.67 
2.27 
1.47 
1.53 
1.23 

20 

Cloudy 

2.70 

21 

22 

a-^r^.::: 

2.66 
3.25 
2.18 

23 

24 

26 

26 

27 

28 

Cloudy 

Partly  cloudy... 
Pitftly  cloudy... 

Clear 

PartJycloudy... 

1.53 
2.31 
0.82 
0.96 
1.78 
1.37 
1.04 

29 

Cloudy 

0.79 

30 

Clear 

4.17 

31 

Clear 

3.07 

2.03 

Meanhigherttemperatu 

ire 

re 

34.7 
22.3 
28.5 
0.36 

7 
0 
15 
10 

140.7 

292.5 

48 

-       1.17 
1.51 
0.43 
1.20 

MeantMDM 
ToUlpre^p 

Number  da> 
ftuthrelc 

WUhOiOl 

Number  hoi 
Poavbleboi 
Pereentaite 

fatureform 
itationforn 

« clear 

«<iy 

ooth 

xmth 

WaATHl 

CB. 

2.82 
1.07 
1.99 
3.97 
1.89 
2.16 
2.62 
1.43 

ormoreofp 

uvaunahine 
irssonahiiie 
Dfpovible.. 

recipitation 

SONSHO 

II. 

0.80 
3.10 
2.98 
1.54 
3.11 

1.55 
2.08 
0.36 

icties,  on  iitn;  lowest,  M.bi  inonea,  on  is  t. 

2^  on  3rd;  greatest  daily  range,  23^  on  12th;  least  daily  range,  3o  on  19th; 
month,  +5.8*;  aocumulated  excess  or  deficiency  since  January  Ist,  +189*. 
MS,  63^  lowest, -26*. 


Baboiotui— Mean  30.04  inches;  highest,  30.67  inches,  on  Uth;  lowest,  29.51  inohea,  on  h  t. 

TniraRATUB*— Highest,  52^  on  2l8t^ lowest, -2^  on  3i '^'^ 

normal  for  month,  22.7*^;  excess  or  deficiency  this  month, 

average  daily,  same  period.  +5.8**;  highest  in  34  years,  63^; 

Pbmirtation  (in  inches)— Total  amount,  0.36;  normal,  2.09;  excess  or  deficiency  this  month,  -1.73;  since  [January  Ist, 
— 1.73;  greatest  amount  in  any  24  hour  period,  0.19  on  22nd  and  23rd;  total  snow&ll,  1.3  in. 

Wind— Pkvrailing  direction,  southwest;  total  movement,  5367  miles;  average  hourly  velocity  7.9  miles;  maximum  velocity 
26,  from  the  west .  on  the  10th. 

Daob  op— Auroras,  0;  fog,  dens^  20,  22;  hail,  0;  sleet,  18;  thunderstomw.  0;  Halos:  solar,  12,  [16, 21;  lunar,  12;  frost: 
kiUing.0;  heavy,  0;  light,  0. 

DEWEY  A.  SBELEY, 

Meteorolofiil. 
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Temperature. 

Precipita- 
tion in 
inches. 

Character  of 
day. 

Percent- 
age of 
possible 

sunshine. 

This  month  since  1868. 

Date. 

Highest. 

Lowest. 

Mean. 

Year. 

Mean 

tonpera- 

ture. 

Total 

predpita^ 

tion. 

1 

32 
36 
44 

42 

17 
16 
28 
19 
16 

14 
12 
14 
13 
6 

26 
28 
32 
33 
22 

24 
26 
20 
13 
20 

30 
32 
30 
26 
14 
9 
11 
17 

24 
26 
36 
30 
20 

22 
22 
21 
22 
18 

29 
32 
36 
36 
28 

27 
28 
27 
23 
27 

84 
36 
34 
34 
26 
14 
18 
81 

0 

0 

0.06 

T. 

T. 

0 
0 

T. 

T. 
0 

0.02 
0 
0.39 
0.12 
003 

T. 

0.04 
0 
0 

0.04 

0.01 
0.83 
T. 
0 
0.09 
T. 
0  01 
0.36 

Pltftly  cloudy... 
PBTtlyoloody... 

89 
86 
28 

1 
77 

100 
100 
38 
96 
100 

4 
0 
0 

1 

32 

39 

0 

100 

100 

47 

0 
0 
3 

78 

1 

74 

87 

7 

1863 
1864 
1866 
1866 
1867 

1868 
1869 
1870 

1871 
1872 
1873 
1874 
1876 
1876 
1876 

1878 
1879 
1880 

ill 

1883 
1884 
1886 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1803 

1894 
1896 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1900 
1910 
1911 
1912 
1913 
1914 
1916 
1916 
1917 
1918 
1919 

2 

8 

27.3 
27.6 
22.7 
80.9 

18.7 
26.7 
24.2 

26.6 
21.3 
19.1 
26.6 
8.0 
27.4 
82.8 

28.1 
20.4 
29.2 
21.6 
86.1 

19.8 
23.4 
8.9 
22.8 
24.8 
22.0 
18.3 
81.6 
26.7 
27.3 
21.3 

21.2 
16.4 
24.3 
26.4 
23.8 
16.8 
17.4 
12.8 
W.6 
20.6 
12.0 
15.8 
23.6 
19.2 
21.6 
28.4 
21.9 
27.6 
16.8 
20.0 
12.7 
29.4 
19.2 
16.6 
21.8 
27.0 

0.27 
1.76 

4 

FlwtlyoioNidy.'!! 
Clear 

2.28 

6 

8 

26 

30 
31 
28 
30 
31 

33 
35 
39 
39 
33 

30 
32 
34 
33 
34 

87 
38 
37 
41 

f. 
1? 

3.23 
1.28 

7 

Clear 

2.96 

8 

9 

10 

11 

Cloudy 

Fkrtly  cloudy... 
Ptetly  cloudy... 

Coudy 

1.20 

1.73 
0.46 
0.77 

12 

13 

Coudy 

Coudy 

1  66 
2.20 

14 

Coudy 

3.04 

15 

Cloudy 

0.00 

16 

Cloudy 

2.74 

17 

18 

19 

Cloudy 

Partly  cloudy... 
Clear 

1.43 
1.62 
3.77 

20 

Cloudy 

2.28 

21 

Cloudy 

4.50 

22 

Cloudy 

3.69 

23 

ciouSi!;.i;:i 

0.73 

24 

26 

Cloudy. 

1.36 
6.71 

26 

Cloudy 

1.70 

27 

Cloudy 

1.17 

28 

Cloudy 

1.79 

20 

2.20 

30 

1.93 

31 

1.83 

Mouihigjief 
MauiloireBi 
Meantempe 
Total  preciiw 

Number  day 
Partlydo 
Clouoy... 

ittempenttui 
ttemperatur 
fatoreformf 
UtioDform 

selear 

Iicjy 

re 

B 

mth 

onth 

Wkathz 

R. 

33.9 
20.2 
27.0 
1.60 

3 
6 
19 
12 

128.1 

296.2 

43 

0.63 
0.12 
1.51 
0.67 
1  82 
1  51 
3.44 
1.83 
0.44 
1.58 
3.30 
1.25 

1.12 

With0.01ormof«ofpi 

voipitotion. 

SuNBHni: 

B. 

0.25 
3.19 
2.36 
2.65 
1.77 

Possible  boors  mnflhina. . 

2.04 

Pferoentaceo 

Mean,  29.97 
High«et,  30, 

f  possible., 
inches 

Babomiter 

1.65 
0.79 
2.10 
0.69 
0.62 

A?  inAhMi  ni 

[il9th 

3.04 

Lowest,  29,  20  inetiM.'oi 

1 14th 

1.60 

BABOiamBR— Mean,  29.97;  bches:  highest,  30.67  inches,  on  19th;  lowest,  29.20  inches,  on  14th. 

Tbmpebatuhb— Highest,46^  on  28tk;  lowest,  6*.  on  10th;  greatest  dailv  range,  28*^,  on  28th;  least  daily  range,  6^,  on  14th ; 

r  this  mcmth,  +6.P;  aoeumulated  excess  or  defideney  sinde  January  1st,  +344®; 


normal  for  month,  21.6®;  eneas  or  d^denoy  (  ^ 

average  daily,  same  ^od,  +6.8®;  highest  in  34  years,  62®,  lowest,  —26®. 

PRSCIFITATION  (in  mches)— Total  amount,  1.60;  n(xinal,2.02:  excess  or  deficiency  this  month,  —0.62;  since  January  Ist,  —2.25. 
Greatest  amount  in  any  24  hour  period,  0.43  on  13th  and  14th.  Total  snowfall,  2. 1  in. 

Wind— I^evailing  direction,  west;  total  movement,  6,207  milea;  average  hourly  vdocity.  7.7  miles;  maTimiim  vdodty  34,  from 
the  southwest,  oo  28th. 

DATisor— Auroras,  0;  hail,  28;  deet,  26;  thunderstorms,  13,28;  Halos:  solar,  2,  7,  19,  20,  24;  lunar,  0;  Frost:  killing,  0; 
heavy  0;  light,  0. 


DEWEY  A.  8EELEY, 
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Temperature. 

Precipita- 
tion in 
inches. 

Charaoter  of 
day. 

Percent- 
age of 
possible 
sunshine. 

This  month  since  1863. 

Date. 

Highest. 

Lowest. 

Mean. 

Year. 

Mean 

ToUI 

procipita- 

ttoo. 

1 

23 
36 
49 
48 
27 

25 
33 
35 
35 
36 

38 
46 
37 
33 
49 

66 
56 
43 
54 
62 

40 
43 
53 
54 
63 

58 
37 
40 
44 
34 
37 

17 
21 
23 
22 
14 

9 
13 
19 
24 
20 

24 
23 
23 
20 
33 

49 
32 
29 
28 
31 

25 
23 
23 
31 
35 

33 
24 
21 
26 
26 
20 

20 
28 
36 
35 
20 

17 
23 
27 
30 
28 

31 
34 
30 
26 
41 

58 
44 

36 
41 
46 

32 
83 
38 
42 
49 

46 
30 
30 
35 
30 
28 

T. 

0 

0 

0.40 

0.03 

T. 

0 

0.30 

1.11 

0.01 

0 

0 

T. 

0 

0.56 

0.23 

0.39 

0 

0 

0 

0 
0 
0 
0 
0 

0.08 

0 

0 

0.19 

0.18 

0 

Cloudy 

57 
51 
100 
6 
69 

70 
78 
51 
41 
23 

100 
100 

2 
56 

0 

31 
0 

61 
100 
100 

33 
100 
100 

87 

82 

0 
53 
100 

86 
31 

98" 

1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873- 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1906 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 

a 

3 

4 

Cloudy 

Partly  cloudy... 
Cloudy 

37.1 
87.0 
1)  1 
29.7 
37.8 
27.6 
30.3 
38.2 
24.8 
28.8 
82.3 
26.2 
30.6 
24.5 
40.9 
83.2 
35.5 
30.3 
36.0 
24.4 
29.9 
21.8 
31.3 
28.8 
27.0 
37.6 
28.2 
29.8 
29.9 
28.2 
40.1 
27.2 
28.7 
33.0 
37.0 
26.3 
23.6 
31.1 
38.0 
41.0 
80.2 

i?1 

38.6 
34.8 
29.9 
44.0 
82.7 
22.4 
31.0 
31.1 
30.1 
26.2 
34.6 
37.1 
33.8 

2.26 
2.79 
8  39 

5 

Cloudy 

0.68 

6 

7 

8 

9      .... 

Ptotly  cloudy... 
Partly  cloudy.... 
fttftlvdoudy... 

4.65 
1.65 
3.01 
3.91 
2.04 

10 

Cloudy 

1.73 

11 

Clear 

1.79 
1.02 

12  ..  . 

Clear 

4.84 

13 

Cloudy 

5.60 

14    .     . 

Cloudy 

3.12 

15 

Cloudy 

1.57 

16 

Cloudy 

1.70 
2.66 

17 

18 

19  .     ., 

Cloudy 

Pkrtly  cloudy... 
Clear 

8.58 
0.71 
8.67 

20 

Clear 

0.58 

21 

22 

Partly  cloudy... 
Clear 

2.68 

1.78 
1.88 

23 

24 

25 

26 

Clear 

Ptatly  cloudy... 
Partly  cloudy... 

Cloudy 

1.22 
1.54 
2.41 
1.31 
2  82 

27 

Cloudy 

1  25 

28 

Clear 

0.27 

29 

Clear 

1.31 

30 

cioud^.....::.. 

2.08 

31 

Clear 

3.59 

8.30 

Meanhig^MBttemperatu 
Mean  lowest  temperatui 

ire 

■e 

onth 

lonth 

43.0 
24.5 
33.8 
3.48 

9 
8 
14 
11 

223.8 

370.6 

60 

1.88 
2.94 
3.16 
1.25 
3.45 
3.15 

Number  daa 
Ptetlyck 

With  0.01 

Number  hot 
Pbesiblehot 
Percentage 

rs  clear 

rodr 

WlATHl 

tR. 

1.86 
2.84 
2.19 
0.90 
0.40 
1.21 

1.92 

or  more  of  p 

irs  sunshine 
ITS  sunshine 
9f  possible.. 

reoiiHtatioQ 

SUNSHD 

ra. 

8.76 
1.52 
0.78 
3.09 
2.88 

8.58 
3.48 

BABOMvnfr— Mean,  30.19  inches;  highest,  30.69  inches,  on  22nd;  lowest,  29.55  inches,  on  9th. 

TnmB&TnRs— 66*,  on  16th;  bwest,  9**,  on  16th;  greatest  daily  range.  81*,  on  20th;  least  daily  range,  6*  on  1st; 
normal  for  month,  32.3**;  excess  or  deficiency  this  month,  +1^$**;  accumulated  excess  or  deficiency  since  January  1st,  +376**; 
average  daily,  same  period,  +4 .  2**;  highest  in  34  years,  82<*;  lowest,  - 12**. 

PRKnTTATiDN  (in  inches)— Total  amount,  3.48;  normal,  2.26;  excess  or  deficiency  this  month, + 1.22- since  January  Ist,  —1.03; 
greatest  amount  in  any  24  hour  period,  1.41,  on  8th  and  9th;  total  snowfall,  22.2  inches. 

Wind— Pk«vailing  direction,  southwest;  total  movement,  5,838  miles;  average  hourly  velocity,  7.8  miles.  Maximum  velocity 
24,  from  the  southwest,  on  17th. 

DAnsa  OP— Auroras,  19,  20;  Hail,  0;  sleet,  4, 18;  thunderstorms,  0;  Haloe,  solar,  2, 3,  6, 7, 8, 9, 16, 23;  lunar,  12. 13;  Frost: 
killing,  0;  heavy,  0;  light.O. 

.     DEWKY  A.  SEELBY, 

Meteorologist. 
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Temperature 

This  month  since  1863. 

Precipita- 
tion  in 

Character  of 

Percent- 
age of 

Date. 

inches. 

day. 

possible 

Mean 

ToUl 

Hi^wst 

Lowest. 

Mean. 

sunshine. 

Year. 

tempera- 
turc. 

precipita. 
tion. 

1 

35 

17 

26 

0 

Clear 

100 

1863 

2 

49 

23 

36 

0 

Pkrtly  cloudy... 
Cloudy 

100 

1864 

45.0 

3  80 

3 

45 

35 

40 

0  16 

0 

1865 

474 

232 

4 

51 
61 

41 
40 

46 
50 

0 
T. 

Cloudy 

13 
49 

1866 
1867 

48.9 
48.2 

1.40 

5 

Cloudy  

2.19 

1868 

43.7 

1.83 

6 

73 
61 
73 
66 
66 

48 
44 
45 
45 
42 

60 
52 
59 
56 
54 

0.09 
070 
003 
026 
028 

Clear 

91 
35 
65 
32 
10 

1869 
1870 
1871 
1872 
1873 
1874 

467 
604 
49.8 
47.4 
43.2 
36.9 

3.42 

7 

Cloudy 

202 

8 

Cloudy 

2.97 

9 

Cloudy 

1.26 

10 

Cloudy 

3.88 

1.67 

11 

43 
44 
57 

41 
37 
86 

42 
40 
46 

T. 

0.01 

0 

Cloudy 

0 

0 

82 

1875 
1876 
1877 

41  1 
44  2 
46.2 

0.61 

12 

Cloudy 

2.08 

13 

Pkrtlvcloudy... 

4.14 

14 

53 
38 

38 
32 

46 
36 

0.02 
1.17 

11 
0 

1878 
1879 

60.6 
44.8 

8.76 

15 

Cloudy 

1.26 

1880 

45.9 

7.06 

16 

43 
45 

36 
36 

39 
40 

0.77 
0  04 

Cloudy  

4 
7 

J881 
1882 

45.6 

44.7 

1.73 

17 

Cloudy 

1.88 

18 

56 

32 

44 

0 

Clear 

100 

1883 

43.5 

1.90 

19 

64 
66 

35 
40 

50 
53 

0 
0.04 

Cloudy 

.      88 
68 

1884 
1885 

43.7 
43.6 

1.95 

20 

ftkrtly  cloudy... 

«         2.47 

1886 

50  2 

1.99 

21 

62 

32 

47 

0 

Clear 

10 

1887 

45  4 

0.90 

22 

67 

37 

52 

0 

a""^;: 

57 

1888 

44  0 

1.15 

23 

57 
40 

37 
25 

47 
32 

0.34 
T. 

22 
52 

1889 
1890 

46  0 
47.2 

2.02 

24 

Pfcrtly  cloudy... 

3.20 

26 

43 

24 

34 

T. 

Clear. ... 

M 

1891 
1892 

47.4 
44  5 

1.74 

2.04 

26 

57 

29 

43 

0 

Clear 

100 

1893 

43  5 

4.81 

27 

55 
54 

27 
38 

41 
46 

0  11 
0.11 

Cloudy 

44 

15 

1894 
1895 

48.4 
48.6 

2  76 

28 

Cloudy 

0  67 

29 

54 

32 

43 

0 

Partly  cloudy. 

82 

1896 

52.6 

2.77 

30 

55 

35 

45 

T. 

16 

1897 
1898 

41.6 
43.6 
498 
47.4 

2.74 

31 

2  12 

1899 
1900 

1  23 

2.00 

1901 

46.4 

2.16 

re 

64.4 

1902 

44.6 

1.70 

Mean  lofWQBt  tempiBrBtar 

e 

36.3 

1903 

43.0 

4.40 

Mean  temperature  for  m 

onth 

44.8 

1904 

39.4 

0.60 

ToUl  precipitation  form 

onth 

4.13 

1905 
1906 
1907 

44.6 
46.6 
37.8 

1.49 
2.43 
2.81 

Wbathi 

R. 

1908 
1909 

44.6 
42.8 

2.15 
5.96 

Number  days  clear 

6 

1910 

49.2 

2.48 

Pkrtly  cloudy 

6 

1911 

44.3 

2.11 

Cloudy 

18 
15 

1912 
1913 

456 
45.9 

3.12 

WithO.Olormoreofpi 

recipitation. 

3  10 

1914 

44.7 

2  90 

SUMBHIM 

V. 

1916 
1916 

61.6 
46.7 

1  00 
1.91 

192.7 

402.5 

48 

1917 
1918 
1919 

44.8 

6.60 

Possible  hours  nmahine . 

1.97 

Percentage  0 

f  possible.. 

4.13 

BABOiims— Mean,  30.01  inches;  hiriiest,  30.41  inches,  on  21st;  lowest,  29.42  inches,  on  10th. 

TniFBRATUBs— Highest,  73^  on  8th;  lowest,  17^onl8t;  geatestr  daily  range,  30*,  on  21st;  least  daily  range,  2*,  on  11th; 
normal  for  month,  46.6*;  excess  or  deficiency  this  month,  —0.8**;  accumulated  excess  or  deficiency  since  January  Ist,  +361^; 
average  daily,  same  perioid,  +2.9*;  highest  in  34  years,  88  ;  lowest,  10^  ' 

Pbbcipitation  (in  inches)— Total  amount,  4.13;  normal,  2.64;  excess  or  deficiency  this  month,  + 1.69;  since  January  Ist,  +0.66; 
greatest  amount  in  any  24  luHir  period,  1.24,  on  15th  and  16th:  total  snow&ll,  3.2  inches. 

Wind— Prevailing  direction,  southwest;  total  raovement,  5^24  miles;  average  hourly  velocity,  7.7  miles;  maiimiun  veloeity 
25,  from  the  south ,  on  10th. 

DATn  OP— Auroras.  0;  sleet,  17;  thunderstorms,  6, 7, 9. 10;  Halos:  solar,  2, 19,  22,  23;  lunar,  8, 13;  fraet:  killing.  15, 18,  21, 
24. 26,  26, 27, 29;  heavy,  19;  light,  30. 

DEWEY  A.  SEELEY. 

MeteoroInKist. 
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m 


Temperature. 

Phseipita- 
tionin 
inches. 

Chvacterof 
d»y. 

Percent- 
age of 
possible. 

This  month  since 

1861. 

Daie. 

Highttt 

Lowest. 

Mean. 

Year. 

Mean 

teTipera- 

ture. 

ToUl 
precipita- 
tion. 

1  , 

53 
56 
43 
66 
52 

66 
62 
47 
58 
51 

56 
61 
70 
73 

68 
68 
62 
67 
69 
48 

53 
63 
63 
71 

77 

82 
86 
81 
87 
89 
93 

36 

n 

42 
40 

37 
44 
40 
36 
41 

38 
36 
38 
42 

48 
49 
42 
40 
40 
44 

44 
39 
44 
44 

46 

48 
52 
48 
52 
55 
61 

44 
46 
39 
54 
46 

52 

S 

47 
46 

47 
48 
54 
58 

58 
58 
52 
54 
54 
46 

48 
51 
54 
58 
62 

65 
69 
64 
70 
72 
77 

0.85 

0 

1.46 

0.95 

0 

0 

T. 

0.15 

0 
T. 

T. 

0 

0 

0.09 

0.33 
0.09 

T. 
0 

T. 
0.12 

0.01 

0.19 

0.05 

0 

0 

0 
0 
0 
0 
0 
0 

Cloudy 

0 
17 
40 

99 

82 

6 

68 

7 

42 

83 
100 
75 

69 
64 
40 
100 
62 
0 

0 
64 
34 

96 
100 

100 
100 
100 
100 
100 
100 

1863 

1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1906 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 

2 

3 

Plartljeloudy... 

60.2 
67.6 
56  0 
61  I 
69.1 
56.0 
64.3 
61.4 
58.5 
56.9 
596 
60.8 
68.0 
58.2 
54.6 
58.8 
64  3 
65.2 
52.7 
528 
56.9 
55.8 
58.1 
64.3 
63.7 
67.4 
63.7 
66.7 
64.5 
54.4 
56.9 
61.8 
66.6 
55.8 
566 
68.8 
68.8 
65.2 
58.4 
69.6 
67.4 
56.7 
66.6 
51.2 
59.6 
56.8 
61  6 
63.6 
67.6 
66.2 
58.6 
51.6 
66.6 
50.2 
61.1 
64.5 

2.87 
1  77 

4..     . 

Cloudy 

3.48 

5 

Cloudy 

3  80 

6 

7  . 

Fkrtlydoady... 
Clear 

2.80 
2.05 
1.16 

S  . 

Cloudy 

1  97 

9  . 

Cloudy 

3.72 

10 

Cloudy 

3.05 

11 

Cloudy 

1.77 
4  46 

12 

13 

ftkrtly  cloudy... 
Clear 

4.13 
2  23 

14 

15 

16 

17 

18 

Plartly  cloudy... 

Partly  cloudy... 

Cloudy 

Ptetlyeloudy ... 
Clear 

3.44 
2.45 
6.50 
2.11 
4.04 
6  66 

19 

Cloudy 

3  95 

20... 

Cloudy 

2  30 

21 

Cloudy 

2.67 
2  42 

22 

Cloudy      .    . 

3  66 

23 

24 

25 

26 

Cloudy 

Partly  cloudy... 
Pkrtly  cloudy... 

Clear     

3.61 
4.98 
1.63 
5.92 
2  86 

27 

Clear 

4  83 

28 

Clear 

2.06 

29     .   ... 

Clear 

3  14 

30 

Clear 

3.29 

31  . 

Clear 

2  15 

3.59 

ire 

65.8 
43.2 
54.5 
4.29 

9 
8 
14 
11 

281.9 

454.7 

62 

4.17 
2.42 
4.92 

Mean  temperature  for  n 
Total  precipiiAtion  for  n 

re 

Kmth 

Bonth 

2.63 
2.40 
5.17 

Number  da] 
IVtlycU 
C.ou4r.. 
With  0.0] 

Number  hoi 
Poflsiblehoi 
Fereentage 

^  clear. . . . 

Wsath: 

BR. 

3.05 
2.22 
5.59 
2.44 
4.13 

Hidy 

2.67 
6.67 

ormoreofp 

[irsuniishine 
irsmmshine 
J  f  possible. 

ireeipitation 

Sunbhh 

tra. 

2.22 
4.66 
2.74 
5.13 
3.37 
2.89 
4.29 

BABOmraR— Mean,  29.94  inches;  highest,  30.33  inc hee.  on  5th;  lowest,  29.40  inches,  on  Ist. 

TmrnRATUKi— Highest,  93^on  31st;  lowest,  35^  on  3rd;  greatest  daily  range,  35^  on  29th;  least  daily  range,  4^  on  20; 
normal  for  month,  57.1**;  excess  or  deficieiusy  this  month,  —2.6*;  accumulated  excess  or  deficiency  since  January  Ist,  +272^; 
average,  daily,  same  ^od,  +1.8  ;  hi^tiest  in  34  years,  95  ;  lowest,  17  . 

PniciprrATioiqdn  inches)— Total  amount,  4.29;  norms  1, 3.58;  excess  or  deficiency  this  month,  +0.71;  since  January  Ist,  +1.27- 
greatest  amount  in  any  24  hour  period,  1.85,  on  3rd,  and  4th;  total  saowfill,  0.0  inches. 

Wind— Prevailing  mrection,  northeast;  total  movement,  4,432  miles;  average  hourly  velocity,  6.0  miles;  Maxinnim  velocity  20, 
from  the  southwest  on  Ist. 

Datmo/— Auroras, 2; fog, dense, 4,22; haiI,0;thunder8torms,4;Halo8: solar, 6, 7,9, 14, 19 , 22; lunar, 0;  frost:  killing,0;  heavy 
0;  light,  12,  13. 

DEWEY  A.  SEELEY, 

Meteorologist. 
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Temperature 

. 

This  month  since 

1863 

Precipita- 
tion  in 

Character  of 

Percent- 
age of 

Date. 

inches. 

dty. 

possible 

Mean 

Total 

Highest. 

Lowest. 

Mean. 

sunshine. 

Y««r. 

tempcn- 
ture. 

precipita- 
tion. 

1 

93 
93 
89 
88 

62 
67 
68 
67 

78 
80 
78 
78 

0 
0 
0 
0 

Clear 

100 
88 
88 
81 

1863 
1864 
1865 
1866 

2 

Clear 

67.6 
70.8 
66.6 

3.88 

3      ..   .. 

Clear 

3.55 

4 

Partly  cloudy... 

5.37 

6 

84 

62 

73 

T. 

Pkrtly  cloudy... 

78 

1867 
1868 

71.6 
68.5 

2.83 
3.56 

6 

76 

58 

67 

0.06 

Phrtly  cloudy... 
Cloudy 

68 

1869 

64.4 

4.40 

7 

75 

55 

65 

0.27 

51 

1870 

70.9 

7.27 

8 

74 

53 

64 

0 

Pfc'tly  cloudy... 

88 

1871 

68.2 

2.93 

9 

80 

52 

66 

0 

Pkrtly  cloudy... 

95 

1872 

71.8 

3.45 

10 

86 

57 

72 

0 

Ptelty  cloudy... 

78 

1873 
1874 

70.6 
70.6 

2.96 
6.07 

11 

88 

65 

76 

0.21 

Cloudy 

37 

1875 

66.6 

1.84 

12 

89 

64 

76 

0.01 

Ptetly  cloudy... 

52 

1876 

68.1 

4.34 

13 

91 
90 
90 

67 
66 
66 

79 
78 
78 

0 

0 

T. 

Clear.....  .... 

90 
100 
75 

1877 
1878 
1879 

65.9 
64.1 
66.0 

3.53 

14 

Clear 

3.15 

15 

Pkrtly  cloudy... 

2.87 

16 

89 

67 

78 

0.22 

Pkrtly  cloudy... 

65 

1880 

67.6 

5.04 

17 

89 

64 

76 

0 

Pkrtly  cloudy... 

71 

1881 

64.3 

4.37 

18 

90 
85 

53 
66 

76 
76 

0 

0.81 

Clear 

100 
36 

1882 
1883 

66.5 
65.9 

5.57 

19 

Pkrtly  cloudy... 

11.36 

20 

85 

66 

76 

0.05 

Pkrtly  cloudy... 

74 

1884 
1885 

68.9 
64.7 

2.83 
6.01 

21 

85 

55 

70 

0 

Pkrtly  cloudy... 

73 

1886 

65.7 

1.92 

22 

78 

51 

64 

0 

Pkrtly  elou(br... 

83 

1887 

68.5 

2.47 

23 

82 

59 

70 

0 

Pkrtly  cloudy... 

97 

1888 

67.9 

2.51 

24 

84 
79 

60 
66 

72 
72 

1.04 
0.46 

50 
12 

1889 
1890 
1891 

62.8 
70.3 
67.4 

3.42 

26 

Cloudy 

3.92 

2.65 

26 

82 

66 

74 

0.05 

Cloudy 

37 

1892 

67.7 

4.33 

27 

67 
70 
77 
85 

47 
46 
44 
51 

57 
58 
60 
68 

T. 
0 
0 
0 

Cloudy 

25 
100 
100 
100 

1893 
1894 
1895 
1896 
1897 
1898 
1899 

66.6 
71.4 
71.4 
69.9 
64.2 
67.6 
68.2 

4.86 

28 

Clear 

1.30 

29 

Clear 

1.01 

30 

Clear 

2.60 

31 

2.57 

4.91 

1.15 

1900 

65.2 

•       2.67 

Mean  highest  temperatu 

re. . . 

83.8 
60.0 

1901 
1902 

68.0 
61.8 

3.67 

e 

7.28 

Mean  tempenture  for  m 
Total  preopitatioD  form 

onth 

71.9 

1903 

62.0 

6.28 

ionth 

3.18 

1904 

65.6 

2.49 

1905 

66.2 

7.47 

1906 

67.1 

4.61 

Wbathi 

!R. 

1907 
1908 

65.0 
70.0 

2.37 
1.23 

Number  days  clear 

9 

1909 

66.7 

2.86 

»•" 

ttdy... 

15 
6 
10 

1910 
1911 
1912 

64.9 
68.0 
63.1 

1.95 

3.77 

With  O.oi  or  more  of  pi 

^ipitation. 

0.97 

1913 

67.6 

1.01 

1914 

66.6 

4.11 

SUMBHD 

no 

1915 
1916 

61.0 
61.4 

3.96 
6.39 

Number  hours  sunshine . 

335.9 

1917 

62.4 

4.54 

PiMsible  hours  sunshine . 

459.4 
73 

1918 
1919 

64.4 
71.9 

2.07 

Pereentage  of  possible.. 

3.18 

s,  on  25th. 

**0D  30th,  least  daily  range,  13*^  on  26th. 

rdeficiency  since  Jan.  Ist,  +412**;  ayoage 

■  month,  —0.22;  since  January  let, +1.05; 

miles;  average  hourly  velocity,  4.0  miles; 

0, 24;  Halos:  solar,  22, 27;  lunar,  0;  frost: 

DEWEY  A.  SEELEY, 

Meteorologist. 
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REPORT  OF  THE  DIVISION  OF  EXTENSION  WORK. 

President  F.  S.  Kedzie. 

Dear  Sir — During  the  year  the  greatest  eiBfort  has  been  continued 
to  improve  the  extension  organization  for  carrying  the  service  of  the 
College,  the  Experiment  Station,  and  the  U.  S.  Department  of  Agriculture 
to  those  who  cannot  .come  to  the  College.  The  Extension  Service  recog- 
nizes its  great  responsibility  and  duty  in  atten\pting  to  secure  the  adoption 
into  common  practice  of  the  practical  and  useful  information  made  avail- 
able by  these  institutions  through  years  of  investigation  and  research. 
To  carry  on  this  service  the  organization  has  five  closely  related  groups; 
viz., 

1.  Department  of  Specialists. 

2.  Coimty  Agricultural  Agents. 

3.  Home  Economics  Workers. 

4.  Boys'  and  Girls'  Club  Workers. 

5.  Market  Agents. 

Within  each  county  having  an  agricultural  agent,  farm  bureaus  have 
been  developed  through  which  the  above  five  groups  of  workers  can  reach 
each  town  and  community  of  the  county. 

In  brief,  the  County  Farm  Bureau  consists  of  a  central  directing  body 
known  as  an  executive  committee.  Each  member  of  this  committee  is 
designated  as  the  county  leader  of  some  one  of  the  agricultural  problems 
chosen  for  attention  during  the  year  and  for  which  he  is  qualified  to  act  as 
leader.  A  committee  of  one  or  more  farmers  is  appointed  for  each  of  the 
active  communities,  each  committeeman  being  chosen  as  leader  of  some 
proposed  line  of  work.  Each  executive  committeeman,  together  with  the 
community  committeeman  assigned  to  the  same  problem  constitute  the 
county  project  committee.  This  body  outlines  the  program  of  the  bureau 
in  that  special  line  and  carries  it  forward  to  completion. 

It  has  been  encouraging  during  the  year  to  observe  that  this  form  of 
organization  has  accomplished  results  on  problems  needing  the  combined 
effort  of  all  farmers  within  the  county.  Among  such  problems  may  be 
mentioned  the  control  of  grasshoppers,  the  elimination  of  scrub  sires, 
the  dissemination  of  improved  grains,  the  control  of  plant  diseases  and 
the  formation  of  marketing  organizations. 

The  Smith-Lever  Act  approved  May,  1914,  not  only  provides  funds 
for  the  work,  but  stipulates  that  it  shaU  be  cooperative  with  the  De^part- 
ment  of  Agriculture.  This  Act  defines  cooperative  extension  work  in 
Section  II. 

"That  cooperative  agricultural  extension  work  shall 
consist  of  the  giving  of  instruction  and  practical  demonstra- 
tions in  agriculture  and  home  economics  to  persons  not  at- 
tending or  resident  in  said  colleges  in  the  several  communi- 
ties, and  imparting  to  such  persons  information  on  said  sub- 
jects through  field  demonstrations,  publications  and  other- 
wise; and  tfis  work  shall  be  carried  on  in  such  manner  as  may 
be  mutually  agreed  upon  by  the  Secretary  of  Agriculture 
and  the  state  agricultural  college  or  colleges  receiving  the 
benefits  of  this  act." 
The  projects  approved  by  the  Secretary  of  Agriculture  are  listed  below 
and  are  reported  upon  by  the  leader  of  each  as  appended  hereto. 
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TITLES    OF 

EXTEN8I0^ 

r   PROJECTS. 

1. 

Administration. 

11. 

Farm   Management   Demon- 

2. 

County  Agents. 

strations. 

3. 

Home  Economies. 

12. 

Insect  Control  &  Apiculture. 

4. 

Extension  Schools. 

13. 

Drainage  Engineering. 

5. 

Boys'  &  Girls^  Clubs. 

14. 

Forestry. 

6. 

Farm  Crops. 

15. 

Dairy  Products. 

7. 

live  Stock. 

16. 

Marketing  (Fed.  Cooperative) 

8. 

Horticulture. 

17. 

Poultry. 

9, 
10. 

Potatoes  and  Vegetables. 
Muck  Crops 

18. 

Home  Demonstration  Agents, 

EXTENSION  BULLETINS  PUBLISHED  DURING  THE  FISCAL  YEAR. 


Bulletin  Number. 

Title. 

Author. 

Pfcgw. 

1 
( 

T 

( 

C.W.Waid 

27 

Extension  Bolletin  No.  13  (revised) 

G.H.  Coons 

4 

Extension  Bulletin  No.  16 

R.H.Pftttit.... 

4 

Extension  Bulletin  No.  17 

G.H.  Coons 

4 

Extension  Bulletin  No.  18 

42 

Extension  Bulletin  No.  19 

::::::::::::::    15 

1 

Do"  B.  Whelan 

2 

Extension  Bulletin  No.  20 

C.W.Waid 

8 

Club  Bulletin  No.  12 

Home  Economics  Department 

R.A.Tumsr 

32 

Club  Bulletin  No.  13 

35 

Extension  Course  Notes  No.  17 

Home  Economim 

4 

Extension  Course  Notes  No.  18 

Home  Economics 

4 

Extension  Course  Notes  No.  19 

Hnme  Economics 

4 

Extension  Course  Notes  No.  20 

Home  Economics 

4 

Extensimi  Course  Notes  No.  21 

4 

Extension  Course  Notes  No.  22 

Home  Economics 

4 

Extension  Course  Notes  No.  23 

Home  Economics 

4 

Extension  Course  Notes  No.  24 

4 

Extension  Course  Notes  No.  26 

Home  Economics 

2 

Extension  Course  Nofte  No.  26 

Home  Economics 

2    " 

Extension  Course  Notes  No.  27 

Home  floooomics  ^ 

4 

Extension  Cotirse  Notes  No.  28 

Home  Canning  Guide 

UH7JUWU-U.U    VD 

2 

APPOINTMENTS  DURING  THE  YEAR. 

0.  T.  Goodwin Specialist,  Dairy  Products Aug.  15, 

Aurelia  B.  Potts Asst.  Home  Dem.  Agent  Leader. . .  .Sept.  9 

Alice  M.  Kuenzli Home  Dem.  Agent,  Manistee Sept.  15 

Ray  A.  Turner State  Leader,  Boys'  &  Girls'  Clubs.. Oct.  1 

Nina  Streeter  ....*....  Home  Dem.  Agent,  Saginaw Oct.  1 

W.  B.  Sutherland Asst.  Farm  Mgt.  Demonstrator .  .  .  .Oct.  21 

Osee  Hughes Home  Dem.  Agent,  Detroit Nov.  1 

1.  T.  Pickford -.Specialist  in  Horticulture Dec.  6 

H.  G.  Clothier County  Agent,  Calhoun Nov.  15 

A.  G.  Kettunen Asst.  Boys'  &  Girls'  Clubs Dec.  16 

Blanche  Ingersol Asst.  Dem.  Agent,  Detroit Jan.  1 

R.  V.  Tanner County  Agent,  Barry Jan.  11 

Carl  H.  Knopf County  Agent,  Manistee Jan.  16 

James  L.  Kraker County  Agent,  Benzie Jan.  21 

Geo.  C.  Raviler Field  Agent  in  Market  Organization.  Feb.  1 

E.  K.  Chamberlain Specialist,  Farm  Crops Feb.  15 

E.  G.  Amos County  Agent,  Menominee Feb.  21 

C.  0.  T.  Scheetz County  Agent,  Alpena Mar.  1 


'18 
'18 
'18 
'18 
'18 
'18 
'18 
'18 
'18 
'18 
'19 
'19 
'19 
'19 
'19 
'19 
'19 
'19 
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Margaret  Hutty Asst.  Boys'  &  Girls'  Clubs Mar.  1,  '19 

E.  B.  More County  Agent,  Calhoun Mar.  16,  '19 

Eva  Carrett Home  Dem.  Agent,  Cass Apr.  16,  '19 

H.  E.  Dennison County  Agent,  Shiawassee. .  .' Apr.  16,  '19 

Paul  C.  Jamieson County  Agent,  Calhoun Apr.  16,  '19 

C.  W.  Wing County  Agent,  Charlevoix Apr.  16,  '19 

Howard  Hindes County  Agent,  Montmorency Apr.  23,  '19 

Arthiu-  C.  Lytle County  Agent,  Otsego May  1,  '19 

Wm.  A.  Anderson Asst.  State  Leader June  10,  '19 

'  County  Club  Leaders  were  appointed  on  Emergency  funds  of  one  to 
six  months  during  the  year  in  the  following  counties:  Saginaw,  Houghton, 
Barry,  Branch,  Calhoun,  Charlevoix,  Cheboygan,  Clinton,  Eaton,  Genes- 
see,  Gogebic,  Ingham,  Iron,  Jackson,  Marquette,  Mecosta,  Missukee, 
Ontonagon,  Kalamazoo,  Kent,  Lenawee,  Hillsdale,  Osceola,  Baraga, 
Washtenaw,  Alpena,  Berrien,  Bay,  Chippewa,  Delta,  Emmet,  Gratiot 
Ionia,  Isabella,  Menominee,  Muskegon,  Oakland,  Ottawa. 

TRANSFERS. 

Helen  Arms Saginaw  Home  Dem.  Agent  to  Asst. 

Leader,  Home  Economics Oct.       1,  '18 

Frank  Sandhammer. .  .County   Agent,    Manistee   to   Asst. 

County  Agent  Leader Jan.     21,  '19 

R.  G.  Carr  • County  Agent,  Ontonagon  to  Kent  Jan.      16,  '19 

Robert  A.  Wiley County  Agent,  Leelanau  to  Grand 

Traverse Feb.     16,  '19 

Coral  Havens Asst.  Home  Economics  to  Asst.  in 

Milk  Campaign,  B.  A.  I. .  , Apr.     16,  '19 

B.  0.  Hagerman Asst.  Co.  Agent,  Ottawa,  to  County 

Club  Leader,  Gogebic May    31,  '19 


RESIGNATIONS. 

Margaret  Justin Asst.  Home  Economics,  U.  P Aug.  31 

*F.  L.  True County  Agent,  Alpena Sept.  9 

E.  C.  Lindeman State  Leader,  Boys'  &  Girls'  Club .  .Sept.  SO 

C.  A.  Spaulding Asst.  Leader,  Boys'  &  Girls'  Club. . .  Sept.  30 

Earl  Bangs Asst.  County  Agt.,  Van  Buren Oct.  1 

W.  T.  Bandeen County  Agent,  Midland Oct.  10 

R.  N.  Kebler Asst.  Boys'  &  Girls'  Clubs Oct.  31 

Jessie  M.  DeBoth Asst.  Boys'  &  Girls'  Clubs Oct.  31 

Don  A.  Meeker County  Agent,  Shiawassee Nov.  6 

Vera  Gruner Asst.  Home  Economics Nov.  1 

Earl  P.  Robinson Asst.  County  Agt.  Leader Dec.  31 

H.  G.  Smith County  Agent,  Kent Dec.  31 

R.  G.  Brumm County  Agent,  Barry Jan.  1 

L.  R.  Queal County  Agent,  Montmorency Jan.  1 

EflRe  M.  Carp Home  Dem.  Agent,  Gogebic Jan.  1 

Clinton  F.  Smith County  Agent,  Charlevoix Feb.  15 

M.  E.  Duckies County  Agent,  Grand  Traverse  .  .  .  .Feb.  15 

H.  B.  Clothier County  Agent,  Calhoun Feb.  15 


'18 
'18 
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E.  B.  Hill County  Agent,  Menominee Feb. 

Esther  Keating Home  Dem.  Agent,  Marquette Mar. 

Earl  R.  Trangmar ....  Supervisor  of  Publications Apr. 

E.  B.  More County  Agent,  Calhoun Apr. 

D.  L.  McMillan Specialist,  Sheep  Husbandry Apr. 

James  N.  McBride. . . .  State  Market  Director Apr. 

Don  B.  Whelan Specialist,  Insect  Control May 

Verne  Freeman Specialist,  Sheep  Husbandry June 

•  Military  lervice. 

Very  truly  yours, 

R.  J.  BALDWIN, 
Extension    Director. 
East  Lansing,  Mich.,  June  30,  1919. 

REPORT   OF   EXTENSION    WORK   IN    HOME   ECONOMICS. 

BY  MAY  PERSON. 

There  have  been  few  changes  in  the  personnel  of  this  force  during 
the  past  year.  Four  specialists  have  been  employed  during  the  entire 
year.  During  the  time  when  the  demand  for  help  in  food  conservation 
was  very  heavy  it  was  necessary  to  have  additional  help,  as  it  was  again 
diuing  the  extension  schools.  , 

PLANS  AND  ORGANIZATION. 

1.  Plans. 

The  Home  Economics  Specialists  have  had  two  distinct  purposes 
in  view: 

a.  To  be  of  service  along  technical  lines  to  the  State  Leader 
and  her  assistants  and  to  the  Home  Demonstration  Agents. 

b.  To  carry  to  the  women  of  Michigan  living  in  counties  which 
do  not  have  Home  Demonstration  Agents,  instruction  and 
help  in  all  matters  pertaining  to  the  home. 

2.  Organization. 

a.  In  counties  having  Home  Demonstration  Agents  the  work  has 
been  done  under  the  direction  of  the  State  Leader  of  the  Home 
Demonstration  Agents. 

b.  In  counties  having  County  Agricultural  Agents  but  no  Home 
Demonstration  Agents,  the  work  has  been  done,  in  so  far  as 
possible,  through  the  County  Agricultural  Agent  and  his  organi- 
zation. When  requests  came  from  other  organizations,  such 
as  women's  clubs  or  other  societies,  we  have  made  it  an  oppor- 
tunity to  bring  the  organization  in  touch  with  the  County  Ag- 
ricultural Agent  and  the  Farm  Bureau. 

c.  In  counties  having  neither  a  County  Agricultural  Agent  or  a 
Home  Demontration  Agent,  we  have  worked  through  the  vari- 
ous existing  organizations. 

Among  the  organizations  with  which  we  have  worked  during  the 
year    are    the  State  Food  Administration,  the  Woman's  Committee, 
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Council  of  National  Defence,  Women's  clubs,  the  public  schools,  the 
farmers'  clubs,  the  Grange,  the  State  Board  of  Health,  the  Red  Cross 
(Central  Division,  state  organization  and  local  chapters),  and  various 
church  organizations. 

FOOD  CONSERVATION  AND  PRESERVATION. 

During  the  first  three  months  of  the  fiscal  year  the  work  of  this  de- 
partment consisted  almost  entirely  of  war  emergency  work:  that  is,  the 
use  of  wheat  and  sugar  substitutes,  and  the  preservation  of  fruits  and 
vegetables.  Much  of  this  work  was  done  in  cooperation  with  the  food 
Administration. 

One  method  which  this  department  used  during  the  summer  to  try 
and  meet  the  demand  for  help  along  the  line  of  the  use  of  wheat  and 
sugar  substitutes  was  to  hold  training  classes  for  volunteer  demon- 
strators. Fourteen  such  classes  were  held  in  fourteen  different  counties; 
their  was  an  attendance  of  538  women.  These  women  in  turn  gave  demon- 
strations on  the  use  of  substitutes  and  on  cold-pack  canning  to  2,144  other 
women. 

COUNTY  FAIRS. 

It  has  not  been  the  custom  of  the  Home  Economics  Extension  De- 
partment during  previous  years  to  take  an  active  part  in  the  county 
fairs.  Usually  a  county  fair  is  not  very  fertile  soil  for  educational  work 
in  this  line. 

This  year,  however,  because  of  the  unusual  food  situation,  we,  to- 
gether with  the  State  Food  and  Drug  Department,  cooperated  with  the 
Food  Administration  in  carrying  out  Food  Conservation  work  at  the 
county  fairs. 

This  department  drew  up  suggestive  plans  for  a  Food  Conservation 
Exhibit.  Th.ese  were  sent  out  by  the  Food  Administration  to  all  food 
Administrators,  food  conservation  chairmen,  county  agricultural  agents, 
home  demonstration  agents,  and  directors  of  fairs. 

All  requests  which  came  to  the  Food  Administration  for  demonstra- 
tors were  referred  to  us.  We  took  care  of  as  many  as  possible  and  helped 
the  Food  Administration  find  volunteer  workers  for  the  others.  Special- 
ists from  this  oflSce  assisted  a  local  committee  or  took  charge  of  the  food 
conservation  work  at  fifteen  county  fairs.  (This  does  not  include  fairs 
in  counties  where  there  are  home  demonstration  agents.)  The  work  con- 
sisted of  helping  put  up  the  exhibit,  giving  demonstrations  in  canning  and 
the  use  of  substitutes  of  conditions  were  favorable,  giving  short  talks, 
judging,  etc. 

The  type  of  work  which  we  felt  accomplished  the  most  was  to  stay  in 
the  Conservation  booth  and  answer  the  questions  of  the  women  who  would 
stop  for  a  few  minutes  and  explain  their  particular  diflBculties.  Hun- 
dreds of  women  who  could  not  have  been  reached  in  any  other  way  were 
helped  in  the  use  of  substitute  foods  or  went  away  with  a  more  cooperative 
feeling  toward  the  Food  Administration. 

PROJECTS  OF  SPECIALISTS. 

Miss  Parker  has  emphasized  this  year  the  need  of  looking  after  the 
health  of  the  community — sanitation,  clean  milk,  etc.,  and  the  care  and 


Digitized  by 


Google 


162  STATE  BOARD  OF  AGRICULTURE. 

feeding  of  children  of  pre-school  age.  The  startling  prevalence  of  mal- 
nutrition among  children  emphasized  the  need  of  the  work.  Both  men 
and  women  have  been  interested  in  her  talk  on  ^'Community  Health'\  The 
child  welfare  work,  a  large  proportion  of  which  has  been  carried  on  in  co- 
operation with  the  home  demonstration  agents,  has  been  carried  on  by 
holding  child  welfare  days,  at  which  time  talks  and  exhibits  were  given  on 
the  care  of  children,  proper  feeding  and  proper  clothing,  importance  of  care 
of  the  teeth,  etc. 

The  work  in  clothing  has  been  very  popular.  There  has  been  much 
interest  in  talks  and  demonstrations  on  textiles,  dyeing,  use  of  patterns, 
cutting  and  fitting,  use  of  sewing  machine  attachments,  etc. 

After  the  armistice  was  signed  and  the  necessity  for  the  use  of  substi- 
tutes was  over,  the  interest  in  foods  gave  precedence  for  a  few  months  to 
interest  in  clothing  and  health.  The  war  has,  however,  created  a  real 
interest  in  foods  among  the  women  of  this  country,  and  the  prevalence  of 
imder  nourishment  among  children  emphasizes  still  further  the  need  of 
knowledge  of  nutrition. 

In  April  this  department  entered  into  a  cooperative  project  with  the 
Bureau  of  Animal  Industry,  Dairy  Division,  to  increase  the  consumption 
of  milk.  A  milk  campaign  was  put  on  fn  Detroit.  Talks  on  the  importance 
of  milk  for  children  were  given  before  60,000  children  and  3,000  adults. 
As  a  result  of  this  campaign  the  consumption  of  milk  during  the  following 
three  weeks  increased  10%. 

It  has  not  been  possible  to  do  much  along  the  lines  of  Home  Manage- 
ment as  a  separate  project.  A  household  account  book  was  published 
because  the  demand  for  one  was  so  great.  Of  the  1,000  pubUshed,  412 
are  in  actual  use  by  women  who  have  promised  to  keep  the  accounts  for 
a  year.  This  project  is  being  carried  on  by  the  home  demonstration 
agents.  At  the  end  of  the  year  the  women  keeping  accounts  will  hold 
community  meetings,  at  which  time  discussion  will  be  held  on  home  bud- 
gets, the  value  of  the  living  received  from  the  farm,  etc. 

The  Home  Economics  Extension  Schools  have  presented  work  along 
the  lines  of  health,  clothing  and  foods.  Due  to  the  influenza,  many 
schools  had  to  be  cancelled,  so  the  number  given  was  one  less  than  last 
year. 

Home  Economics  Extension  Work  has  been  given  in  66  counties  of  the 
state  through  Extension  Schools,  single  demonstrations  and  lectures, 
training  schools  for  leaders,  conferences,  exhibits,  fairs  and  special  cam- 
paigns.   The  number  of  people  reached  in  this  way  is  as  follows: 

Extension  Schools 37  1825 

Canning  demonstrations 78  3071 

Food  talks 28  5211 

Food  substitutes 92  4568 

Health  talks  and  demonstrations 39  2100 

Clothing  talks  and  demonstrations 45  2603 

Volunteer  training  classes 14  538 

General  Home  Economics  talks 41  3485 

374  23401 

Milk  campaign 70,000 

Fairs 10,000 
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The  Specialists  have  assisted  at  five  conferetices  this  year.  Two  of 
these  were  for  Home  Demonstration  Agents,  two  were  for  the  housewives 
of  the  state,  and  one  for  the  Home  Economics  teachers  of  Michigan. 

The  enthusiastic  and  earnest  support  which  the  women  of  Michigan 
have  recently  given  the  Home  Demonstration  Agent  work  augurs  well  for 
the  new  year.  There  is  no  longer  a  question  as  to  whether  or  not  women 
consider  the  work  helpful  and  worth  while.  They  have  demonstrated 
their  beUef  and  confidence  in  the  work  and  in  the  Extension  Department 
of  this  College. 

REPORT  ON  WORK  OF  HOME  DEMONSTRATION  AGENTS. 

BY  E.   V.    SMITH. 

July  1,  1918,  Michigan  had  home  demonstration  agents  in  19  counties 
and  3  cities.  Later  two  more  counties  and  one  more  city  were  given 
agents.  Of  this  number  all  four  cities  and  twelve  of  the  counties  were 
in  the  lower  peninsula,  and  eight  counties  were  in  the  upper  peninsula. 
With  two  exceptions  the  money  for  the  support  of  the  agents  in  the  county 
has  been  appropriated  by  the  Board  of  Supervisors,  $500,  being  the 
approximate  money  appropriated. 

Three  have  also  had  cars  provided  for  their  use;  the  others  travel 
by  rail,  either  steam  or  electric,  hired  auto,  or  with  the  county  agricultural 
agents  where  meetings  can  be  planned  together. 

Until  the  signing  of  the  armistice  all  work  naturally  assumed  the  form 
of  emergency  work,  principally  conservation  and  preservation  of  foods, 
clothing,  health,  time  and  strength.  At  the  same  time  the  educational 
principles  were  always  stressed.  Since  November  11,  it  has  been  tend- 
ing toward  a  more  permanent  basis  and  we  beUeve  has  become  a  real 
definite  and  essential  part  of  the  Farm  Bureau  work. 

The  following  projects  have  been  carried  on  by  the  various  agents 
and  will  be  continued  in  the  counties  where  Home  Demonstration  work 
goes  on:  Organization,  Foods,  Clothing,  Health,  Child  Welfare,  Home 
Management,  Poultry,  and  Club  Work. 

ORGANIZATION. 

The  home  demonstration  agents  have  organized  their  work  in  nearly  all 
of  the  counties  under  the  Farm  Bureau  plan  in  cooperation  with  the  county 
agricultural  agent. 

The  women  may  become  members  of  the  Farm  Bureau  on  an  equal 
basis  with  the  men.  Each  county  executive  committee  has  at  least  one 
woman  representing  the  home  economics  work  and  each  community  a 
woman  representative  for  each  project  taken  up. 

In  counties  where  there  is  no  definite  Farm  Bureau,  the  agents  have 
a  representative  woman  in  each  community  to  act  as  a  leader  and  who 
will  assist  in  planning  meetings,  advertising,  and  preparing  for  demon- 
strations, etc. 

FOODS. 

SvbstitiUes.  During  the  war  wheat,  meat,  sugar  and  fat  con- 
servation was  emphasized  by  means  of  lectures,  demonstrations,  ex- 
tension  schools   and  food  study  clubs;  also  by  food   shows,    although 
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not  as  extensively  in  the  counties  as  we  felt  it  was  not  a  legitimate 
way  of  showing  food  conservation  except  where  the  counties  contained 
larger  cities  and  more  people  could  be  reached. 

Dietetics,  One  of  the  greatest  outgrowths  of  the  recent  war  as  far  as 
the  home  is  concerned  has  been  to  give  the  housewife,  also  other  members 
of  the  family,  a  greater  insight  into  the  needs  of  food  study  and  proper 
feeding  of  the  family.  Women  in  the  different  communities  are  asking 
for  definite  food  study  and  lessons  in  planning  meals.  In  nearly  every 
case  the  Home  Nursing  classes  have  been  or  will  be  followed  by  Dietetics 
classes,  which  shows  something  of  the  interest  in  food  principles. 

Preservation.  The  preservation  of  foods  for  winter  use  was  taken  up 
very  extensively  last  year  by  the  home  demonstration  agents.  The  var- 
ious methods  were  discussed  and  demonstrations  given  in  drying,  brining, 
and  canning  of  fruits,  vegetables  and  meats.  In  some  counties  canning 
centers  were  established.  In  others  several  women  clubbed  together, 
bought  a  canner  and  worked  together,  and  in  this  way  made  the  canning 
work  easier.  This  year  some  of  the  women  are  buying  cans,  can  rubbers, 
etc.,  together  at  wholesale  prices. 

Increasing  Use  of  Milk.  No  work  can  be  done  along  the  Unes  of  nu- 
trition without  emphasizing  the  use  of  milk.  The  city  agents  have  been 
especially  interested  in  this,  and  have  all  been  active,  both  by  educational 
work  among  mothers  and  by  helping  establish  milk  stations  to  increase 
the  consumption  of  milk  and  teach  people  the  importance  and  economy 
of  using  it  in  larger  quantities. 

Clothing.  The  interest  among  women  in  the  clothing  work  which  the 
agents  have  offered  has  been  surprising.  Doubtless  the  increased  price 
of  all  clothing  materials  and  the  necessity  of  utilizing  everything  on  hand, 
has  stimulated  interest  along  this  line.  Constant  demands  have  come  in 
for  talks  and  demonstrations  on  cutting  and  fitting,  use  of  patterns,  mak- 
ing over  garments,  more  efficient  use  of  sewing  machine  attachments,  etc. 

Health.  During  the  influenza  epidemic  nearly  all  of  the  agents  gave 
their  services  in  one  way  or  another.  In  several  places  diet  kitchens 
were  established  in  which  the  agent  had  entire  supervision  of  the  preparation 
of  foods  for  the  emergency  hospitals  and  homes  where  entire  families 
were  ill.  Some  helped  in  establishing  the  emergency  hospitals  and  acted 
as  nurses.  One  of  the  agents  in  the  upper  peninsula  went  into  a  foreign 
district  and  stayed  for  eight  weeks,  working  almost  incessantly. 

Home  Nursing  Classes.  Through  a  cooperative  project  with  the  Red 
Cross  the  agents  have  organized  from  six  to  twelve  home  nursing  classes 
in  nearly  every  county.  Due  to  the  influenza  epidemic  a  greater  need  for 
this  work  has  been  felt  among  the  women  of  the  rural  communities  and 
much  interest  shown.  The  classes  have  been  organized  and  all  arrange- 
ments made  by  agents.    The  classes  have  been  taught  by  trained  nurses. 

Child  Welfare.  In  some,  counties  nearly  all  the  Child  Welfare  work 
has  been  handled  by  the  home  demonstration  agent.  In  others  this  has 
been  done  in  cooperation  with  the  Woman's  Committee,  Council  of 
National  Defense.  This  spring,  each  agent  has  given  from  two  to  four 
days  to  a  special  Child  Welfare  campaign,  put  on  with  the  assistance  of 
Miss  Parker,  the  Health  Specialist.  This  has  consisted  of  establishing 
centers  where  weighing  and  measuring  of  babies  was  conducted.  Talks 
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and  demonstrations  on  the  proper  carf  and  feeding  of  the  child  were  given 
by  physicians,  nurses  and  agents.  Exhibits  of  diets,  clothing,  proper  tojrs, 
etc.,  were  held  in  connection  with  them. 

In  two  counties  the  agents  working  in  cooperation  with  the  school  co- 
missioner  and  a  niu^e  visited  all  the  schools  of  the  county;  the  nurse  ex- 
amining the  children  and  the  agent  talking  proper  feeding.  Special  stress 
has  been  given  to  the  value  of  milk  as  a  food  for  children. 

Follow-up  work  will  continue  throughout  the  year  by  means  of  talks 
and  working  with  individuals. 

HOME  MANAGEMENT. 

Home  Accounts.  It  has  been  planned  originally  to  have  each  agent 
place  about  six  account  books  in  their  county  with  the  idea  of  getting 
housewives  interested  in  this  work.  However,  it  has  taken  no  effort  on 
our  part.  The  women  are  asking  for  the  books  rather  than  our  urging 
them  to  keep  accounts.  There  are  undoubtedly  400  women  in  the  state 
using  our  approved  account  book.  The  agents  have  assisted  in  starting 
the  accounts  and  explaining  the  method.  It  is  planned  to  call  the  women 
together  in  groups  at  least  twice  during  the  year  to  discuss  methods  and 
results  and  to  see  at  the  end  of  the  year  if  with  their  assistance  some  quite 
definite  budgets  cannot  be  worked  out  for  both  rural  and  town  women. 

POULTBT. 

As  the  greater  per  cent  of  the  poultry  on  the  farm  is  taken  care  of  by 
the  women,  this  has  become  quite  an  important  project  of  the  Home 
Demonstration  agents.  The  agents  with  the  specialist  have  worked  out 
a  very  satisfactory  project  or  plan.  The  women  in  communities  where 
they  are  interested  form  poultry  clubs,  which  meet  once  in  two  months  and 
take  up  a  definite  study,  as  for  instance;  the  first  year  club  will  consider 
general  health  of  the  flock,  incubation,  and  brooding,  stock  and  culling, 
marketing,  canning  and  use  of  canned  products.  Second  year  club  wUl . 
consider  history  of  breeds,  standard  study,  winter  feeding  and  crate  fat- 
tening, poultry  house  conveniences,  boning,  etc.  Monthly  record  sheets 
are  sent  out  by  the  specialists  to  agents  and  they  in  turn  furnish  them  to 
club  members.  Up  to  the  present  date  seventeen  poultry  clubs  have  been 
organized  and  are  doing  splendid  work. 

CLUB   WORK. 

In  counties  where  there  is  no  club  leader,  the  girls'  club  work  is  handled 
by  the  Home  Demonstration  agent.  The  agents,  after  determining  where 
it  is  possible  to  organize  clubs  and  having  selected  the  local  leaders,  the 
State  Glub  Leader  is  called  into  the  county  to  assist  with  the  organization. 
At  the  same  time  they  know  the  Home  Demonstration  agent  is  there  to 
help  them  and  to  do  the  follow-up  work. 

GENERAL   WORK. 

Aside  from  these  regular  projects  the  Home  Demonstration  agents  have 
been  called  upon  to  assist  in  war  campaigns,  Americanization,  civics,  etc. 
One  agent  was  asked  to  go  into  the  school  districts  of  her  county  and 
teach  the  women  how  to  vote.  Several  others  were  asked  to  give  help  in 
this  work. 
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During  the  last  month,  the  question  of  local  financial  cooperation  from 
the  counties,  if  they  wished  to  keep  their  Home  Demonstration  agents, 
has  had  to  be  presented  to  the  many  Farm  Bureaus  and  various  Boards  of 
Supervisors.  The  interest  which  women  and  men  also — have  shown  in 
continuing  the  Home  Demonstration  work  has  been  most  gratifying,  and 
somewhat  of  a  surprise  even  to  those  of  us  who  believe  most  thoroughly 
in  the  possibilities  of  this  line  of  work.  The  war  has  given  women  a  new 
conception  of  what  feeding  their  families  involves,  and  they  are  very 
earnest  in  their  demands  for  help  along  this  line,  and  along  other  phases 
of  home  making  as  well.  Although  it  has  been  necessary  to  discontinue 
the  work  in  some  counties,  nowhere  have  the  women  willingly  seen  the 
work  stop. 


^ 

Demonstrations. 

Talks. 

Teaching  Volunteer 
Classes. 

DemonstratioDs  by 
Volunteers. 

CouDties. 

Number. 

Attend. 

Number. 

Attend. 

Number. 

Attend. 

Number. 

Attend. 

Allfmn  .     ,             

24 
24 

6 

30 
98 
32 
26 
67 

8 
31 
21 
18 
10 
22 
47 
23 
17 
19 
38 
15 
39 

456 
784 
98 
651 

2.017 
757 
946 

1,276 
197 

1.090 
455 
367 
115 
228 

1.094 
764 
232 
505 

1.735 
384 
392 

80 
89 
56 
9 
31 
26 
21 
36 
40 
48 
18 
54 
14 
43 
50 
75 

126 
46 
17 
24 

116 

2,333 
3.456 
2.544 

171 

643 
1.200 

646 
2,122 
1,013 
1.958 

653 
2,189 

145 
2,017 
25.04 
4,058 
5,677 
1,951 

475 
1,254 
3,254 

2 

20 

b!JtS::::;;:.:::::::::::: 

Ca88 

Chippowa 

2 
23 
13 

9 
40 

30 
561 

80 
262 
656 

1 
2 

16 

DiokensoD 

175 

Delto 

OogeUo 

Hcmghtoo 

35 

618 

IronT 

Kent 

8 

160 

Manistee 

Marauette 

Mason 

1 
20 

1 

9 
71 
3 

2 
6 
2 

128 

Menominee 

234 

Ottawa 

75 

St.  Clair 

Sohoolciaft 

8 

56 

8 

126 

St.  Joseph 

Saffinaw 

Wayne 

10 

113 

9 

95 

^      .        CiUes. 

Detroit 

667 

96 
17 
86 
34 

15,607 

2,224 
393 
850 
676 

1.019 

9 
22 
29 
25 

40,263 

363 
1,468 

630 
1,720 

129 

1,859 

73 

1,717 

Flint 

Grand  Rapids 

2 

22 

3 

47 

Saginaw 

Totalcityandoounty 

State  Leader  and  Assistants. . . 

890 

19,749 

1,104 

44.414 

131 

1,881 

79 
136 

1,867 
4,922 

Meetings. 

Atten.. 

Grand  Total      . 

2,840 

72,883 

Exhibits 

3,700 

Fairs 

100,00 

Milk  Campaign 

70,000 

(CoopOTative:  Dairy  Division,  Bureau  of  Animal  Industry:  Home  Economics  Extension;  11  Home  Demonstration  Agoits). 
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REPORT  OF  BOYS'  AND  GIRLS'  CLUB  WORK. 

BY   RAY    A.    TURNER. 
ORGANIZATION. 

The  progress  in  organization  has  been  through  the  channels  already 
in  operation  in  this  department.  The  administration  of  this  organization 
has  been  in  the  hands  of  the  state,  county  and  local  club  leaders,  to- 
gether with  the  advisory  boards  of  the  several  local  clubs.  Emphasis  has 
been  placed  upon  the  formation  or  organization  of  local  clubs  through 
which  the  agricultural,  educational  and  social  program  of  the  Division  of 
Extension  might  be  carried  on. 

Cooperating  in  the  promotion  of  this  organization  are  the  many  de- 
partments of  the  Division  of  Extension  together  with  many  outside  groups. 
Among  the  last  named  might  be  mentioned:  The  Michigan  Crop  Improve- 
ment Association,  The  State  Bankers'  Association,  The  Michigan  Potato 
Growers'  Association,  The  Michigan  State  Fair,  The  Department  of 
Public  Instruction,  the  Michigan  State  Federation  of  Women's  Clubs, 
Boards  of  Supervisors  in  the  several  counties.  Boards  of  Education  in 
the  several  counties,  Upper  Peninsula  Development  Bureau,  the  Michigan 
State  Teachers'  Association,  together  with  a  large  number  of  commercial 
concerns. 

LEADERSHIP. 

The  staff  of  paid  club  leaders  now  consists  of  the  following  persons: 

R.  A.  Turner State  Club  Leader East  Lansing. 

Anna  B.  Cowles State  Club  Leader  for  Girls.  .East  Lansing. 

A.  G.  Kettunen Asst.  Club  Leader Marquette. . 

Barbara  Van  Heulen . .  Asst.  Club  Leader  for  Girls . .  Marquette. 

W.  A.  Anderson Asst.  State  Club  Leader East  Lansing. 

Elda  Robb Asst.  State  Club  Leader East  Lansing. 

Margaret  Hutty Asst.  State  Club  Leader East  Lansing. 

COUNTY  CLUB  LEADERS. 

Y.  G.  T.  Rehner Eben  Junction Alger  County. 

Traverse  Ousterhout .  .Sterling ' Arenac  County. 

Nathalia  Vasold Hastings,  Court  House Barry  County. 

G.  E.  Butterfield Bay  City,  McKingley  School.Bay  County. 

Viva  Osborn Coldwater Branch  County. 

L.  D.  Sears Battle  Creek Calhoun  County. 

Ruth  E.  Wheaton Cheboygan Cheboygan  County. 

Martin  Melican Escanaba Delta  County. 

Kelsey  B.  Smith Flint,  Court  House Genessee. 

C.  E.  Gunderson Ironwood Gogebic  County. 

E.  H.  Wilcox Traverse  City Grand  Traverse  Co. 

A.  N.  Vamey Litchfield Hillsdale  County. 

B.  O.  Hagerman Houghton Houghton  County. 

G.  S.  Kies Lansing,  City  Hall Ingham  County. 

Percy  Angove Ionia Ionia  County. 

G.  E.  Bishop. Alpha Iron  County. 

Floyd  Ferguson Mt.  Pleasant Isabella  County, 

Alberta  HUl Jackson,  510  Lansing  Ave Jackson  County. 
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Ruth  M.  Cooley Kalamazoo,  1408  Bank  St. .  . .  Kalamazoo  County. 

Frank  A.  Davis Gd.Rapids,  Ass'n.of  Com.Bd.Kent  County. 

Mrs.  R.  N.  Peters . . .  .Adrian,  318  Cherry  St Lenawee  County. 

R.  N.  Kebler Menominee,  Agricul.  School.. Menominee  County. 

W.  J.  Atchison Muskegon Muskegon  Coimty. 

C.  A.  Lewis ffighland  Pk.  R.  F.  D.,  No.  2.0akland  County. 

Evelyn  Pepper LeRoy,  R.  F.  D.,  No.  1 Osceola  County. 

Theresa  McDonald . . .  Saginaw,  W.  S.,  Court  House.Saginaw  County. 

Ernest  F.  Lyons Ann  Arbor,  Court  House Washtenaw  County. 

G.  O.  Stewart Dearborn Wayne  Coimty. 

ASSISTANT  COUNTY  CLUB  LEADERS. 

Margaret  Hill Battle  Crk.,  Willard  Library.  Calhoun  County. 

L.  Merle  Chubb East  Lansing Ingham  County. 

Grace  M.  Watson Gd.  Rapids,  Ass'n.  of  Com.  Bd.  Kent  County. 

Gladys  Lahym Birmingham,  R.  F.  D.  No.  3. .  Oakland  County. 

Mrs.  Amy  B.  Huesman  Ann  Arbor Washtenaw  County. 

Etta  Paidson Grosse  Point Wayne  County. 

Mrs.  Mary  H.  GrosvenorDetroit,  213  Pingree  Ave.  Wayne  County. 
Merle  Russell,  Highland  Park  High  School,  Wayne. 

In  addition  to  these  paid  leaders,  there  were  1,413  local  volunteer  club 
leaders  in  the  various  counties  throughout  the  State.  There  were  55 
County  Agricultural  Agents  and  Coimty  Home  Demonstration  Agents 
who  assisted  in  supervising  clubs.  In  29  counties  the  Commissioner  of 
Schools  assisted  in  a  similar  way.  County  Y.  M.  C.  A.  Secretaries  in 
8  counties  assisted  in  organizing  clubs  and  discovering  local  leaders  for 
the  same. 

PROJECTS. 

Clubs  have  been  organized  in  the  following  projects: 
Summer  Projects  Winter  Projects. 

Crop.  Stock. 

Corn.  Pig.  Handicraft. 

Bean.  Calf.  Garment  Making. 

Potato.  Sheep.  School  Lunch. 

Poultry. 
Canning.  Rabbit. 

Gardening. 
Some  of  these  such  as  stock  projects,  have  developed  into  year  around 
projects. 

TRAINING   SCHOOL   FOR    CLUB   LEADERS. 

State  and  county  training  schools  have  been  held  for  the  purpose  of 
developing  club  leaders.  Six  state-wide  training  schools  have  been  con- 
ducted at  Detroit,  Kalamazoo,  Grand  Rapids,  and  East  Lansing.  Ten 
county  training  schools  have  been  held  in  the  various  counties.  In  addi- 
tion to  these,  a  "Course  in  Club  Leadership"  was  presented  in  thirty-one 
of  the  County  Normal  Training  Classes.  One  hundred  sixty-one  sessions 
were  held  and  two  hundred  seventy-seven  persons  received  this  training. 
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ACHIEVEMENT    DAYS. 


t'oilowing  the  completion  of  a  season's  work,  -sixty-one  local  and  county 
Achievement  DayB  were  held.  At  these  times,  honors  and  awards  and 
prizes  were  given  to  the  club  members  who  finished  their  project  require- 
ments. On  February  6  and  7  a  State  Achievement  Day  was  held  at 
M.  A.  C.  and  was  attended  by  two  hundred  five  club  members  and  twenty- 
three  leaders  from  over  the  State.  At  this  time,  the  winners  of  the  State 
Championships  were  announced. 

STATISTICAL  StJMMAHT  OF  BESOLTS. 


Frojeet  of  Work. 

Clufae 
organiied. 

Enrollment. 

Membm 
reporting. 

Value  of 
produeti. 

Cost  of 

produetioo. 

Net  profit 

Corn 

19 

86 

1,448 

649 
22 
2 
65 
23 
22 

215 

66 

40 

14 

1 

16 
13 

85 

617 

29,110 

13,234 

240 

15 

520 

138 

116 

2,527 

619 

328 

88 

7 

244 

98 

56 

540 

17,164 

8.010 

168 

10 

280 

88 

102 

1,063 

229 

160 

50 

7 

198 

«          04 

1          72 

13          44 

8           00 

1          00 

00 
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t          00 

i          40 

1          15 

54 

(          50 

50 

35 

69 

$844.72 

4,630.68 

18,614.44 

51.684.27 

6.418.00 

169.06 

3.566.40 

8.142.12 

2.463.10 

2.003.94 

291.24 

1,669.50 

1,605.00 

10.00 

389.90 

2.228.32 

Pbtoto 

8,291.04 

Qarden 

15.083.00 

HffliM  Cftiminff 

83.694.78 

Mother.  Dmigbter.GBimiiig 

4,100.00 

Bonr  Bmt.  .7. . . . '. T. 

57.94 

Poultry 

6.124.20 

c3f^:*:::::::::::::::::::::.:::: 

4.180.88 

Pig 

3.883.30 

Garmmt 

3,165.31 

TT^MilTTftft      .                                      ,. 

609.30 

Beu 

4,391.00 

Sheep 

641.50 

BftkiSf 

4.35 

HotSoW)oJLanch 

486.70 

Babbit 

Total 

2,700 

«  47,989 

28,125 

1291,106.93 

$103,456.87 

$188,290.56 

REPORT   OF   EXTENSION   SCHOOLS   AND   MISCELLANEOUS 
FARMERS'  MEETINGS. 

BT  KARL  H.  MCDONEL. 

Extension  schools  were  held  during  the  winter  months  beginning 
November  first  and  lasting  until  the  first  of  April.  At  the  beginning  of 
the  season,  a  program  had  been  carefully  worked  out  arranging  for  ap- 
proximately one  hundred  twenty  agricultural  schools  and  eighty  home  eco- 
nomics schools,  but  the  infiuenza  epidemic  caused  this  number  to  be  de- 
creased to  fifty-eight  agricultural  and  thirty-seven  home  economics 
schools.  Cancelling  so  many  of  the  schools,  necessitated  a  complete  re- 
vision of  the  schedule  and  in  many  cases,  gave  very  short  time  to  advertise 
and  make  local  arrangements.  However,  the  average  attendance  was 
very  high. 

The  courses  given  consisted  of  four  lectures  on  any  two  of  the  following 
subjects: 


Farm  Crops. 
Farm  Management. 
Animal  Husbandry. 
Muck  Crops. 
Soils. 

Insect  Pests. 
Farm  Engineering. 


Poultry. 

Home  Economics. 

Horticulture. 

Dairy  Husbandry. 

Drainage. 

Marketing. 
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Besides  the  regular  subjects,  talks  were  also  given  at  mass  meetings  in 
interest  of  war  subscriptions,  etc. 

All  arrangements  for  the  meetings  were  made  by  the  local  people  to- 
gether with  the  County  Home  Demonstration  and  Agricultural  Agents. 
Two  specialists  were  present  at  each  school  except  where  local  agents  took 
part;  then  only  one  person  was  sent. 

The  special  assistance  of  H.  E.  Dennison  in  Dairying,  C.  0.  T.  Scheetz  in 
Farm  Crops,  and  Vera  Gruner  in  Home  Economics  was  secured  for  the 
schools.  The  Soils  Department  very  kindly  permitted  Mr.  Grantham  to 
assist  with  soils  work  at  the  schools.  Whenever  it  was  possible  for  mem- 
bers of  the  faculty  to  get  away,  they  were  used  in  the  schools. 

In  some  instances,  it  was  impossible  to  give  a  two-day  meeting  so  a  one- 
day  meeting  was  held.  Here,  only  one  speciaUst  was  present  from  the 
'^  College.  Besides  the  above  mentioned  meetings,  the  Poultry  Department 
put  on  a  series  of  poultry  schools  covering  from  three  to  six  days.  These 
schools  were  held  in  cooperation  with  the  County  Farm  Bureau  and  the 
poultry  associations  of  the  county. 

Free  admission  to  the  public  was  given  in  all  cases  except  in  the  largest 
cities.  The  expense  of  operating  these  schools  was  met  by  collecting  from 
breeders,  an  entry  fee  for  birds  to  be  shown  and  judged.  Lectures  were 
given  on  breeds,  breeding,  feeding,  poultry  house  construction,  diseases, 
and  demonstrations  in  killing,  dressing,  cooking,  canning,  and  culling 
were  also  given. 

Moving  pictures  that  were  loaned  by  the  United  States  Department  were 
shown  every  night. 

Much  of  the  credit  for  the  success  of  the  schools  should  be  given  to  Prof. 
Burgess  of  the  Poultry  Department  and  his  assistants. 

The  following  tables  summarize  the  different  meetings: 
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Place. 


County. 


Subjects. 


8 

3 

1 

^ 

24 

97 

14 

63 

25 

98 

12 

49 

23 

72 

23 

92 

32 

128 

46 

185 

36 

146 

20 

115 

17 

69 

21 

205 

47 

189 

92 

367 

50 

200 

17 

66 

87 

175 

50 

200 

38 

152 

27 

110 

45 

180 

87 

149 

32 

96 

83 

250 

41 

123 

85 

341 

34 

170 

49 

155 

57 

228 

57 

229 

44 

177 

72 

216 

35 

140 

30 

120 

30 

119 

11 

20 

56 

85 

112 

560 

61 

185 

71 

286 

75 

300 

31 

95 

75 

300 

10 

42 

125 

175 

56 

225 

34 

103 

6 

17 

62 

125 

21 

85 

31 

125 

134 

535 

6 

21 

16 

67 

14 

44 

28 

113 

36 

145 

17 

69 

Alverno 

Munro 

Millenbui^. .. 
Stutsmanvillc. 

Alanson 

C^ttreville 

China 

Albion 

Marshall 

Paw  Paw 

Auburn 

GobUeville. . . 

Gilead 

Zeekal 

Holland 

Three  Oaks... 
M.E.  College.. 

Colon 

Ganges 

New  Richmond 

Durand 

Chesaning 

North  Branch. 

Bumside 

Ensl^y 

Ashland 

Cressey 

Woodland 

Garfield 

Brookside 

ffinebman . . . . . 

Beaverton 

Gladwin 

Harrietta 

Mesick 

St.  Joseph 

Buchanan 

Ypsilanti 

Ash  Center 

Petenbnrg — 

Yale 

Birchville 

Diamondale... 
Eaton  Rapids. 

Hudson 

liakeview 

Greenville 

Big  Rapids — 
Rapid  City... 

Kalkaska 

Alba 

Millburg 

liapeer 

BoyneCity 

Ironton 

Clay  Banks... 

Rothbury 

Sa^i^aw  Town 


Cheboygan. 
Cheboygan. 
Presquelslc. 

Emmet 

fimmet.  • .  • 
St.  Clair.... 
St.  Clair.... 

Calhoun 

Calhoun 

VanBuren.. 

Bay 

VanBuren.. 

Branch 

Ottawa 

OtUwa 

Berrien .... 

Berrien 

St.  Joseph.. 
Allegan.... 
Allegan.... 
Shiawassee. 
Saginaw.... 

Lapeer 

Lapeer 

Newaygo. . . 
Newaygo... 

Barry 

Barry 

Newaygo. . . 
Newaygo. . . 

Berrien 

Gladwin.... 
Gladwin. . . . 
Wexford.... 
Wexford.... 

Berrien 

Berrien 

Washtenaw. 

Monroe 

Monroe 

St.Clair. . . . 
St.  Clair.... 

Eaton 

Eaton 

Lenawee . . . 
Montcalm . . 
Montcalm. . 
Mecosta . . . 
K  Ikaska. . . 
Kalkaska... 

Antrim 

Berrien 

Lapeer 

Charlevoix. . 
Charlevoix.. 

Oceana 

Oceana 

Saginaw 


Dairy 

Dairy-Soils 

Soils 

Dairy-8oi.s 

Dairy-Soils 

Farm  Management 

Farm  Management 

Farm  Management,  Animal  Husbandry 

Farm  Management,  Animal  Husband^ 

Poultry-Soils 

Dairy-Crops 

Poultiy 

Farm  Management  Soils 

Dairy 

Horticulture 

Farm  Management,  Crops,  Animal  Husbandry . , 
Farm  Management,  Crops,  Animal  Husbandry . , 

Farm  Management,  Animal  Husbandry 

Dwry-Poultry 

Dairy-Poultry 

Dairy-Soils 

py—xi ^^*  «V)ils 

D)  

Fi  Dairy  Crops 

P(  

Pc  

P(  

Pc  

Ci 
Ci 
Soils. 


ics. 
ics. 


Animal  Husbancby,  Poultry 

Animal  Husbandly,  Poultry 

Animal  Husbandry,  Soils 

Animal  Husbandry,  Soils 

Horticulture,  Crops 

Crops 

Dairy,  Farm  Management.  Educational 

Farm  Management,  Insects 

Farm  Management,  Insects 

Poultry 

Poultry 

Soils,  Animal  Husbandry,  Farm  Management . . 

Farm  Management,  Dairy 

Crops,  Poultry 

Crops,  Dairy. . 


Crops,  Dairy 

Animal  Husbandry',  Soils,  Farm  Managiment. . 

Dairy, Potato  sand  Vegetables 

Dairy,  Potatoesand  Vegetables 


Dairy,  Crops 

Soils,  Horticulture. 


Dairy 

Soils,  Dairy.. 
Soils,  Dairy. 

Dairy 

Dairy 

Dairy 
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Flaoe. 


Coanty. 


SQbjeeti. 


Ealkuka 

Rapid  City.... 
Barker  Creek... 

Ashland 

Bumude 

Cheaaning...., 

Enelqr 

North  Branch.. 
New  Richmond 

Ganges 

Holland 

Zeeland 

Lake  View 

Petersburg. ... 
Ash  Center.... 

Greenyille 

Yprilanti 

Qladwin 

Mesiok 

Rothbury 

Dale 

Harrietta 

Woodland 

Cranston , 

Cressey 

Auburn 

Gilead 

StutsmtttTllle. 

Munro 

AlT«mo 

AlanaoD 

Ironton 

BoyneCity... 

Marshall 

Derereauz. 

Plymouth 

St.  Joseph 


Kalkaska... 
Kalkaska... 
Kalkaska... 
Newaygo. . . 

Lapeer 

Saginaw. . . . 
Newaygo... 

Lapeer 

All^.... 
Allegan.... 
OtUwa.... 

OtUwa 

Montcalm.. 
Monroe. ... 

Monroe 

Montcalm. . 
Wsahtenaw. 
Gladwin.... 
Wexford... 

Oceana 

Gladwin.... 
Wexford. . . . 

Barry 

Oceana 

Barry 

Bay: 

Braneh 

E^nmet 

Cheboysui. 
Cheboygan. 

Ennmet 

Charlevoix. 
Charlevoix. 
Calhoun. . . . 

Jackson 

Wayne 

Berrien 


56 
29 

106 
40 

110 
27 
21 
26 
14 
25 
2 
35 
56 
82 
17 
12 
62 


160 
58 

213 

162 

330 

106 
65 

1J» 
56 

100 
5 
35 

180 

129 
35 
36 

250 

158 

100 
82 

185 
78 

106- 
20 
90 
48 

298 
53 
65 
88 
65 
51 
28 

160 

150 

105 

200 
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PImo. 


County. 


Subjects. 


ToTM  Rivers. 

Sioigis 

Trenton 

Wamn 

Dearborn 

Mahopac 

Waterfbrd... 
Camp  Custer.. 

Henoerscm 

Romeo 

DaTis 

Camp  Custer.. 
Soutn  Haven.. 

Wayne 

Northville.... 
Coostaotine. . . 
New  Hudson.. 

Milford 

Ortonville 

Marion 


LeRoy 

JieedCity 

Fennville 

Farmingtoo . . . 
Deer£eld 

Haa^ifigy 

Waterford 

Romeo 

Dayton 

Jadcfon 

Adrian 

Dundee 

Fowlerville 

Sunfield 

, Charlotte 

St.  Joeeph 

Lake  City 

Coloma 

Harbert 

Eaton  Rapids. 

Coboctah 

Chesterfield. . . 
Richmond .... 

DelU 

Mason 

Saugatuck.... 


Sauoatuck 
Hi^land. 


Carson  City 

Warren , 

New  Haven , 

AlWe 

Wacausta 

Riffisville 

Tower 

Grant 

Afton 

Bancroft 

Croewell 

Rives  Junction.. . 
Miohiflan  Center. . 

Grass  Lake 

Clio 

Cherry  Hlll 

Martinsville 

Denton 

Caledonia 

BastGilead 

Quinc^ 

Mi.Pfeasant 

Bethel 

Kinderhook 

Nobel 

BmOtk 

WfaiUPiffna.... 


St.  Joeeph. 

St.  Joeeph. 

Wayne 

Wayne 

Wayne 

Oakland... 

Oakland... 

Calhoun. . . . 

Shiawassee. 

Macomb. . . 

Macomb. .. 

Calhoun 

VanBuren.. 

Wayne 

Wayne 

St.  Joseph.. 
Oakland.... 
Oakland... 
Oakland.... 

Osceola 

Osffeloa . . . . 

Osceola 

Osceola.... 

Allcsan 

Ottkluid.... 
Livingston.. 

Barry 

Oakland.... 
Macomb. .. 
Newaygo. . . 
Jackson  — 
Lenawee . . . 
Monroe. . . . 
livingston.. 

Eaton 

Eaton 

Berrien 

Missaukee. . 

Berrien 

Berrien 

Eaton 

Livingston.. 
Macomb.. .. 

Macomb 

Eaton 

Ingham 

Oitawa 

Livingston. . . 
Montcalm. . . 
Macomb.... 


Saginaw 

CImtoo 

Cheboygan . 
Cheboygan . 
Cheboygan. 
Cheboygan . 
Shiawassee. 

Sanilac 

Jackson 

Jackson 

Jackson 

Genessee 

Wayne 

Wayne 

Kent 

Kent 

Branch 

Branch 

Isabella 

Branch 

Branch 

Branch , 

SkJoMph... 
StJoteph... 


Dairy 

Dairy 

Dairy 

Potatoes  and  Vegetables 

Potatoes  and  Vegetables 

Potatoes  and  Vegetables 

Potatoes  and  Vegetables 

Soih^ 

Farm  Management 

Animal  Diseases 

Animal  Diseases 

Farm  Crops 

SoilBacteria 

Horticulture 

Horticulture 

Forestry 

Farm  Mechanics 

Farm  Mechanics 

Farm  Mechanics 

Live  Stock,  Soils 

Live  Stock.  Soils 

Live  Stock,  Soils 

Live  Stock.  Soils , 

Horticulture 

Horticulture , 

Horticulture 

Forestry 

Farm  Crops 

Horticulture 

Horticulture 

Poultry 

Dairy 

Dairy 

8oils,'Horticulture 

Rural  Sanitation 

Rural  Sanitation 

Plant  Diseases 

Crops,  Dairy,  Potatoes  and  Vegetables. . 

Poultry 

Poultry ". 

Poultry 

Poultry 

Poultry 

Poultry 

Poultry 

Poultry 

Hmticulture 

Soils,  PoUtoes  and  Vegetobles 

Crops,  Drainage 

Drainage 

Drainage 

Dairy 

F^tfm  Management 

Farm  Management 

Farm  Mani^ement 

Farm  Management 

Farm  Managnnent 

Fmto  Management 

Farm  Management 

Farm  Management 

Farm  Management 

Farm  Management 

Farm  Management 

Farm  Management 

Farm  Management 

Farm  Management 

Farm  Management 

Animal  Husbandry 

Animal  Husbandry 

Animal  Husbandry 

Animal  Husbandn^ 

Animal  Husbandry 

Animal  Husbandry 

Podtry 

PooHry 


21 

43 

45 

45 

00 

100 

100 

500 

100 

50 

45 

295 

100 

25 

15 

65 

100 

60 

125 

100 

100 

li2 
45 

250 
55 

100 
15 
40 
30 
60 
65 
25 

100 
75 

100 
35 

300 

150 
42 
45 

150 

160 
24 

125 
37 

109 

105 

48 

60 

25 

20 

22 

75 

24 

35 

22 

32 

43 

20 

75 

30 

25 

50 

65 

35 

37 

30 

50 

29 

24 

79 

45 

40 

66 

50 


26 
55 
55 
55 
60 
125 

1.000 

100 
60 
55 

590 

100 
25 
30 
65 

800 

120 

250 

200 

200 

2?6 
90 

325 
75 

100 
15 
40 
50 
60 
65 
25 

100 
75 

100 
70 

300 

150 
65 

58 

150 

160 

28 

150 

37 

109 

105 

96 

50 

25 

40 

45 

150 

92 

35 

22 

32 

43 

60 

75 

60 

50 

50 
130 

70 

75 

30 

50 

58 

48 
158 

90 

80 

IS 
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Place. 

County. 

1 

j 

Marlette 

Tuscola 

Ottawa 

234 

520 

644 

8M 

1,769 

1.580 

844 

1,888 

760 

603 

62 

354 

834 

Holland 

1^720 

Flint 

Qenessee 

3,644 

BattleCreok 

Calhoun 

3  800 

Chlcago.Ill 

11.159 

Grana  Rapids 

Kent 

6,780 

Muske^n 

Muskegon 

3,844 

Detroit 

WayneT 

8,888 

E.Lumng 

In^m , 

3,760 

Chelsea 

Washtenaw 

1.603 

Dublin 

Maniirt<* 

362 

Hartford 

VanBuren 

964 

• 

GRAND  TOTAL  OF  ALL  MEETINGS. 


Avenkge 
Attendflooe. 


Total 
Attendance. 


Two-day  Agricultural  Schools 

Two-day  Home  Economics  Schools. 

One-day  Ajpicultural  Schools 

One-week  Poultry  Schools 


2.529 
1.232 
5.693 
10,200 


9,183 
4.108, 
8.142 
46,600 


67,933 
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REPORT  OF  EXTENSION  WORK  IN  FARM  CROPS. 

BY  J.  W.  NICHOLSON. 

Absence  of  Extension  workers  who  are  with  the  over-seas  forces  con- 
tinues to  Umit  the  scope  of  the  work  of  this  department.  However,  all 
projects  started  have  been  continued  and  in  addition  some  rather  detailed 
cooperative  tests  have  been  placed  in  widely  scattered  sections  of  the 
State  to  demonstrate  the  special  adaptation  of  improved  varieties  of 
grain. 

The  Michigan  Crop  Improvement  Association  continues  an  active 
factor  in  our  extension  work.  There  were  organized  this  year  thirteen 
local  associations  with  one  hundred  forty  members  and  four  hundred 
sixty  state  members  making  a  total  of  six  hundred  members. 

During  the  past  year  cooperative  tests  were  carried  on  with  members 
of  the  association  as  follows: 

19  tested  a  half  bushel  of  pedigreed  oats. 
17  tested  a  half  bushel  of  pedigreed  spring  barley. 
33  tested  a  2  qt.  sample  of  corn. 
23  tested  a  2  qt.  sample  of  Early  Wonder  beans. 
13  tested  a  2  qt.  sample  of  Robust  beans. 
52  tested  samples  of  soybeans. 
10  tested  vetch. 
2  tested  6  strains  of  alfalfa. 
5  tested  Grimm  Alfalfa  seed. 
12  tested  Hardy  Michigan  grown  alfalfa  seed. 
The  demand  for  high  yielding  good  quaUty  seed  during  the  war  made 
heavy  calls  on  our  farmers  who  were  growing  improved  varieties.    This 
demand,  which  had  its  inception  largely  during  the  war  when  high  pro- 
duction was  especially  desirable,  is  continuing  and  in  fact  extending, 
based  on  the  performance  of  these  varieties. 

The  pedigreed  grain  project  has  been  adopted  by  nearly  all  the  county 
agents  and  much  cooperative  work  has  been  carried  on  through  them. 
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There  is  now  a  very  extensive  correspondence  connected  with  this  work. 
Besides  about  the  same  number  of  letters  sent  out  by  the  head  of  the  Farm 
Crops  Department  to  farmers  the  following  number  have  been  sent  out 
by  the  Crops  Extension  staff  during  the  last  six  months: 

JANUARY  1,  1919  TO  JULY  1,  1919. 

Nimiber  of  first  class  letters 2672 

Number  of  second  class  letters '. 7155 

The  calls  for  field  work  is  much  greater  than  the  present  force  can  care 
for. 

SUMMARY  OF  FIELD  WORK  PERFORMED. 

Farms  visited 193 

Demonstrations  held 22 

Attendance  at  Demonstration  meetings 265 

Lecture  meetings 43 

Attendance  at  Lectures 1376 

Extension  schools  conducted 13 

Attendance  at  exteiision  schools 1853 

REPORT  OF  EXTENSION  WORK  IN  SHEEP  HUSBANDRY.^ 

BY  V.  A.  FREEMAN. 

The  extension  work  in  Sheep  Husbandry  was  carried  on  cooperatively 
.  between  the  Animal  Husbandry  Division  of  the  United  States  Depart- 
ment of  Agriculture  and  the  Michigan  Agricultural  College,  on  the  same 
basis  as  was  established  during  the  previous  year. 

The  same  lines  of  procedure  were  followed,  which  were  carried  on 
mainly,  cooperatively  with  the  Coimty  Agricultural  Agents  and  the  County 
Farm  Bureaus.  The  jnain  work  was  educational  along  the  lines  of  selection 
of  types,  culling,  management,  and  care  of  the  farm  flock,  although  much 
practical  work  in  assisting  flock  owners  to  locate  desirable  pure-bred  sires, 
and  in  assisting  breeders  of  pure-bred  stock  to  find  a  market,  was  accom- 
plished. Work  with  the  larger  sheep  farms  on  ranches  in  northern  Michi- 
gan, was  on  a  more  individual  basis,  but  most  of  the  work  was  accomplished 
through  lectures  and  demonstrations  to  groups  of  sheep  owners,  rather 
than  to  individuals. 

A  study  of  the  development  of  the  sheep  ranches  was  made  toward  the 
close  of  the  pasture  season,  through  ranch  visits.     Winter  feeding  cost 
records  were  also  kept  as  a  demonstration,  on  three  large  sheep  ranches 
where  the  entire  feed  was  purchased  for  wintering  large  flocks  of  sheep. 
The  distribution  of  work  is  shown  by  the  following  table: 

Lectures : 70 

Demonstrations 30 

Farm  visits 205 

Letters  written 773 

Miles,traveled 739 

Days  in  office 853^ 

Daysinfield ^ 206^ 

Attendance 4,041 

Attendance 289 
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ANNUAL  REPORT  COW  TESTING  ASSOCIATIONS. 

BY  J.  A.  WALDRON. 

July  1,  1918  there  were  seven  cooperative  cow  testing  associatiohs  in 
operation  in  Michigan  with  a  membership  of  184  farmers  owning  2,262 
cows.  Two  associations  in  Allegan  and  St.  Clair  Counties  were  discon- 
tinued before  October  1  because  of  the  men  in  charge  entering  military 
service  and  the  lack  of  competent  men  to  replace  them.  Eight  new 
associations  have  been  organized  during  the  year,  making  thirteen  in  all. 
Twelve  of  these  are  in  operation  and  one  will  be  started  about  July  20. 

The  following  thirteen  cow  testing  associations  were  active  in  Michigan 
July  1,  1919. 

1.  Oceana  County  Cooperative  Cow  Testing  Association  No.  1. 

2.  Eaton  County  Cooperative  Cow  Testing  Association  No.  1 

3.  Van  Buren  County  Cooperative  Cow  Testing  Association  No.  1. 

4.  Branch  County  Cooperative  Cow  Testing  Association  No.  1. 

5.  Lapeer  County  Cooperative  Cow  Testing  Association  No.  1. 

6.  Wayne  County  Cooperative  Cow  Testing  Association  No.  1. 

7.  Wayne  County  Cooperative  Cow  Testing  Association  No.  2. 

8.  Northeast  Tuscola  Cooperative  Cow  Testing  Association. 

9.  Nashville  Cooperative  Cow  Testing  Association. 

10.  Oakland- Wayne  County  Cooperative  Cow  Testing  Association. 

11.  Kent  County  Cooperative  Cow  Testing  Association. 

12.  Berrien  County  Cooperative  Cow  Testing  Association  No.  1. 

13.  St.  Joseph  County  Cooperative  Cow  Testing  Association  No.  1. 

There  were  in  these  thirteen  associations  July  1,  1919,  349  members  with 
4,205  cows  on  test. 

A  great  deal  of  interest  has  been  manifested  in  cow  testing  association 
work  during  the  past  year  and  the  demands  for  assistance  in  organizing 
and  for  men  to  take  charge  have  been  dijfficult  to  meet. 

The  county  agents  in  the  respective  counties  where  associations  are 
located  and  where  organization  work  is  now  going  forward,  have,  as  in 
the  past,  given  this  work  the  most  loyal  support  and  timely  aid  during  the 
past  year.  A  greater  portion  of  the  increase  in  number  and  membership  of 
the  associations  is  due  to  their  untiring  efforts. 

EXTENSION  SCHOOLS. 

Instruction  was  given  in  six  two-day  and  fifteen  one-day  extension 
schools  by  the  extension  specialists  in  dairying  during  the  winter. 

Total  attendance '. 2,413 

Total  number  of  lectures  given 44 

Total  number  of  demonstrations  given 5 
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The  following  table  gives  a  brief  summary  of  the  field  work  of  the  ex- 
tension specialist  in  dairying,  other  than  extension  schools  from  July  1, 
1918  to  July  1,  1919. 
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REPORT  OF  EXTENSION  WORK  IN  HORTICULTURE. 

BY  J.  T.  PICKFORD. 

Most  of  the  extension  work  in  now  done  in  cooperation  with  the  county 
agricuHural  agents.  They  have  a  knowledge  of  conditions  in  the  county 
and  usually  are  available  to  furnish  transportation  from  place  to  place 
within  the  county. 

About  one-half  of  the  value  of  an  extension  worker  lies  in  learning  the 
practices  of  the  best  growers  and  carrying  this  practical  information  to 
others.  There  are  localities  which  ought  to  be  producing  heavily  of  those 
fruits  adapted  to  the  local  conditions,  but  which  instead  grow  a  miscel- 
laneous mass  of  fruits  as  well  as  general  farm  crops. 

A  letter  has  been  sent  to  all  county  agents  outlining  a  program  as  fol- 
lows: 

Survey:  To  ascertain  the  status  of  the  Michigan  commercial 
fruit  growing  business  by  securing  the  names  of  growers,  acreage 
of  orchards,  age,  conditions,  amount  of  each,  and  variety.  The  ob- 
ject is  to  encourage  the  business  in  promising  locations. 

Demonstrations:  This  includes  all  field  meets  where  any  routine 
hoi-ticultural  practice  is  illustrated.  Much  interest  is  shown  in 
these  meets,  especially  when  staged  at  a  time  not  interfering  with 
the  rush  seasons  on  the  farm. 

Projects:  The  projects  include  demonstrations  which  involve 
time  and  careful  attention  to  detail.  They  are  for  the  most 
part  intended  as  community  lessons  to  promote  interest  in  recent 
findings  of  experiment  stations  as  well  as  other  well  established 
facts  which  are  commonly  ignored.    A  list  follows: 

a.  Planting  an  orchard  following  latest  improved  methods. 

b.  Applying  manures  and  commercial  fertiUzers  to  balance 
soil  needs.    Use  of  water  for  irrigation  during  droughts. 

c.  '  Attempting  by  different  practices  to  locate  the  specific 

cause  of  cases  of  non-bearing  trees. 

d.  Individual  Tree  Production  Records  as  a  means  of  eliminat- 

ing weak  strains  within  varieties. 
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e.  Landscape  Planting  for  Country  Homes.  To  show  by 
example  in  communities  how  easily  and  cheaply  a  home 
can  be  made  attractive,  as  well  as  adding  much  to  the  sale 
price  of  the  farm. 

f .  To  make  illustrative  examples  of  any  good  practice,  as  proper 

spraying,  fertilization,  etc. 

A  project  has  been  started  in  Van  Buren  County  on  two  vineyards 
which  will  give  a  good  insight  into  the  fertilizer  needs  of  the  grape.  This 
in  in  cooperation  with  the  Van  Buren  Farm  Bureau. 

Several  orchard  projects  in  fertilization  are  either  under  consideration  or 
already  started.  The  results  of  individual  growers  along  this  line  are 
also  being  given  close  attention  and  will  become  available  data. 

One  project  in  landscape  gardening  has  been  outlined  in  Clinton  county. 

Several  cases  of  non-bearing  trees  are  being  given  attention.  The  re- 
sults of  fertilization,  summer  pruning,  girdling,  etc.,  will  be  ascertained. 

One  orchard  is,  through  the  interest  of  the  owner,  haying  individual 
records  kept.  A  four  years  record  is  now  available.  It  is  planned  to  extend 
this  wherever  an  owner  is  willing  to  give  it  the  attention. 

A  study  is  being  made  of  orchard  cost  accounting.  Several  growers 
are  allowing  the  use  of  their  books  to  furnish  information. 

Cooperation  in  marketing  is  always  advised  but  the  activity  of  or- 
ganizing is  left  to  the  Extension  Specialist  in  Marketing. 

Pruning  demonstrations  were  held  this  spring  at  32  places.  Spraying 
and  grafting  were  also  included  at  several  of  these  meets.  Eighty-six 
trees  were  pruned  exclusive  of  many^small  trees. 

SUMMARY. 

Farms  visited 86 

Demonstrations 32 

Attendance  at  demonstrations 557 

Lecture  meetings 29 

Attendance  at  lectures 1,705 

REPORT  OF  EXTENSION  WORK  WITH  POTATOES  AND 

VEGETABLES; 

C.    W.   WAID. 

The  Potato  Project:  The  extension  work  with  potatoes  was  continued 
during  the  fiscal  year  beginning  July  1,  1918,  in  much  the  same  manner  as 
it  had  been  conducted  heretofore.  Modifications  were  made  to  suit 
changed  conditions.  Mr.  H.  C.  Moore,  who  was  employed  to  help  in  this 
work,  entered  the  services  of  the  Government  and  thus  his  time  was  lost 
to  this  work  during  the  entire  year. 

Briefly  stated,  the  object  of  the  work  is  to  encourage  such  practices  as 
will  help  to  bring  about: 

1.  Lower  cost  of  production. 

2.  Better  quality  seed  and  table  stock. 

3.  More  stable  markets  and  uniform  prices. 

4.  Greater  net  profit  for  the  growers. 

5.  Greater  value,  per  dollar  investedi  for  the  consumers. 
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Some  of  the  specific  things  which  we  have  been  attempting  to  encourage 
through  the  putting  into  effect  of  the  potato  project  work  are: 
Section  I — To  demonstrate  the  advantage  of: 
•  (1)     The  tuber  unit  method  of  improving  the  seed. 

(2)  Hill  selection  of  tubers  for  seed. 

(3)  Greening  or  green  sprouting  of  the  seed. 

(4)  Seed  treatment  to  pr.event  scab  and  black  scurf,  (Rhizoctonia). 

(5)  Testing  different  growers'  seed. 

(6)  The  proper  use  of  commercial  fertilizers. 

(7)  Close  planting  on  productive  soils  to  increase  yield  and  to  re- 

duce the  percentage  of  oversized  tubers. 

(8)  Spraying  with  Bordeaux  to  prevent  blight. 

Cooperation  with  County  Agents:  This  work  has  been  carried  on  al- 
most entirely  in  cooperation  with  county  agents.  In  each  instance  the 
agent  selects  the  men  with  whom  the  work  is  to  be  done;  advertises  meet- 
ings; and  assists  the  extension  specialist  in  getting  to  and  from  the  meet- 
ing place. 

Field  Meetings:  The  number  of  field  meetings  which  were  held  during 
the  year  was  considerably  reduced  for  the  season,  because  of  the  fact  that 
the  growers  did  not  have  the  time  to  give  to  these  meetings.  There  were 
ten  meetings  held  during  the  year,  with  a  total  attendance  of  one-hundred 
fifty-three. 

Standardization  of  Varieties:  One  of  the  achievements  of  the  year  was 
the  accomplishment  of  what  had  been  encouraged  since  the  work  began 
in  the  matter  of  the  standardization  of  varieties.  The  formation  of  the 
Michigan  Potato  Growers'  Exchange,  largely  through  the  efforts  of  Hale 
Tennant,  was  a  means  whereby  it  was  possible  to  bring  about  this  result. 
The  exchange  which  is  composed  of  over  five  thousand  growers,  voted  to 
make  the  late  Petoskey  (Golden  Russet),  the  standard  variety  for  Michigan 
in  all  sections  where  the  soil  is  of  a  sandy  nature.  In  this  way  many  of 
the  varieties  which  had  been  grown  heretofore  in  certain  sections  were 
given  up  in  favor  of  the  iate  Petoskey. 

Cooperation  with  the  Potato  Exchange:  The  potato  project  work  as  a 
whole  has  received  the  hearty  support  of  the  officers  of  the  Exchange  as  well 
as  of  the  individual  members  of  the  local  exchanges  who  apparently  showed 
more  interest  than  ever  before.  Work  was  also  done  in  an  effective  manner 
in  cooperation  with  various  Gleaner  exchanges. 

Field  Demonstrations:  While  it  is  realized  that  field  demonstrations 
are  among  the  most  important  features  of  the  potato  work,  it*  was  thought 
best  not  to  urge  the  growers  to  engage  in  this  sort  of  work  to  any  great 
extent  during  the  period  of  the  war  because  of  the  shortage  of  labor.  How- 
ever, many  growers  have  carried  on  certain  practices  which  have  proved 
profitable  in  the  previous  demonstration  work. 

Vegetable  Work:  The  demand  for  work  along  vegetable  lines  has  been 
chiefly  in  connection  with  the  Boys'  and  Girls'  Club  work,  and  the  Home 
Vegetable  Garden  work.  There  has  been  a  considreable  amount  of  work 
carried  on  in  cooperation  with  the  greenhouse  men  of  the  state.  Such  re- 
quests for  help  as  came  to  the  office  were  taken  care  of  through  corres- 
pondence or  personal  visits. 
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Lectures:  There  were  fifty-two  lectures  given  during  the  year  at  which 
a  total  attendance  of  three  thousand  four  was  recorded.  This  included  the 
extension  schools,  institutes  and  special  meetings. 

Farm  Visits:  There  were  one  hundred  eighty-eight  visits  made  during 
the  year.  Many  of  these  were  to  call  upon  greenhouse  men  and  inspect 
their  crops.  While  it  is  against  the  extension  policy  to  carry  on  work 
through  individuals,  there  are  many  cases  where  it  seems  this  is  the  logical 
way  to  do  effective  work.  By  helping  certain  individuals  many  nearby 
neighbors  will  be  benefited. 

Correspondence:  The  amount  of  correspondence  during  the  year  has 
been  very  heavy,  the  extension  specialist  having  practically  all  of  the  cor- 
respondence in  connection  with  potato  and  vegetable  work. 

In  addition,  timely  articles  have  been  prepared  monthly  in  mimeograph 
form  and  mailed  to  each  of  the  county  agents.  These  in  turn  have  been 
printed  in  the  county  agent  bulletins,  local  newspapers,  and  used  in 
other  ways.  A  large  number  of  articles  have  been  prepared  for  the  use 
of  the  pubUcity  department  of  the  College.  Many  articles  have  been 
written  for  various  agricultural  papers. 

Potato  Work  in  the  Upper  Peninsula:  This  report  does  not  include  the 
potato  work  shich  has  been  done  in  the  upper  peninsula.  J.  Wade  Weston 
has  had  this  work  in  charge*    His  report  will  include  the  work  done  there. 

ANNUAL    REPORT    OF    EXTENSION    SPECIALIST    IN 
MUCK  CROPS. 

BY    EZRA    LEVIN. 

The  muck  problems  of  the  State  have  become  more  definite  and  a 
clear  conception  of  what  is  to  be  accomplished  can  be  had  from  the  resolu- 
tions adopted  by  the  Michigan  Muck  Farmers'  Association,  during  their 
last  session  which  was  held  Farmers'  Week  at  the  College.  It  was 
pointed  out  that  the  muck  problems  were  distinct  from  highland  problems 
from  almost  every  point  of  view,  and  that  these  problems  could  best  be 
solved  by  men  who  would  give  their  special  attention  to  muck  questions. 
In  Europe  they  have  reached  this  policy  where  peat  experiment  stations  are 
common,  and  peat  research  is  made  a  special  subject. 

The  reason  for  this  is  apparent  when  we  recognize  that  in  every  respect, 
peat  soil  differs  from  high-land  soil.  To  bring  this  out  clearly,  it  is  only 
necessary  to  call  attention  to  the  actual  experience  which  the  writer  has 
had  this  last  year.  It  was  found  that  not  only  do  the  muck  farmers  of 
Michigan  feel  that  they  have  been  neglected  in  the  matter  of  the  solution 
of  some  of  their  very  important  problems,  but  they  have  received  very 
often  advice  which  was  not  accurate  nor  correct,  and  which  was  based 
on  high-land  experience. 

All  muck  and  peat  soils  are  different  from  high-land  soils  in  these  very 
essential  respects;  first,  while  the  problem  of  deficiency  in  nitrogen  is  the 
serious  one  in  all  high-land  work,  it  is  not  at  all  a  problem  on  muck  and 
peat  soils.  In  fact,  the  matter  of  replacing  the  rapid  release  of  nitrogen 
is  a  problem  on  muck  and  peat.  Secondly,  high-land  soils  are  to  a 
great  extent  made  up  of  mineral,  at  least  more  than  90%  is  of  a  material 
which  is  practically  unchangeable,  and  which  has  today,  and  will  have 
for  unlimited  years,  practically  the  same  general  chemical  and  physical 
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structure.  On  the  other  hand  muck  and  peat  are  changeable  to  such  an 
extent  that  the  complete  chemical  and  physical  structure  of  peat  soil  will 
be  changed  completely  in  one  or  two  years  after  drainage,  fertilization  and 
cropping.  Furthermore,  there  is  a  deficiency  of  mineral,  not  only  avail- 
able mineral,  but  actual  mineral,  soluble  or  insoluble  mineral  matter. 
Thirdly,  while  the  problem  of  organic  matter  is  the  basis  for  the  mainten- 
ance of  fertility  in  high-land  soils,  the  matter  of  organic  matter  is  obviously 
no  problem  at  all  on  peat  and  muck  soils,  which  are  usually  more  than 
50%  organic  matter.  When  we  recognize  this,  and  recognize  the  physical 
characteristics  of  muck,  sponginess,  Hghtness,  high  water-holding  capacity, 
and  other  physical  factors  which  are  so  entirely  different  from  high-land 
due  to  the  fundamental  physical  structural  difference  between  peat  and 
high-land  soils,  then  the  questions  which  would  arise,  entail  a  completely 
new  aspect  of  the  various  other  problems  concerning  the'  peat  and  muck 
soils.  It  is  essential  that  this  fundamental  aspect  of  the  problem  be  reiter- 
ated because  upon  the  understanding  of  this,  depends  the  proper  per- 
spective of  our  work. 

Soil  and  cUmate  are  the  basis  upon  which  crops  have  been  adapted  to  our 
agriculture.  The  complete  difference  of  soil  conditions  in  that  the  entire 
system  of  management  for  the  maintenance  of  fertiUty  of  our  muck  areas 
is  reversed,  has  been  noted.  Our  muck  areas  are  frosty  and  the  season 
is  limited.  Muck  farmers  have  been  trying  to  adapt  high-land  crops 
to  muck  land.  Failure  after  failure  has  conclusively  proved  that  muck  land 
varieties  of  general  farm  crops  must  be  developed  and  tried  out.  Enough 
work  has  been  done  by  this  office  to  show  that  the  matter  of  varieties,  as 
far  as  adaptation  to  muck  land  is  concerned  is  an  enormous  field,  which 
has  not  been  exploited.  Such  considerations  as  early  maturity,  short- 
straw,  grain,  grasses  adapted  to  moist  conditions,  frost-proof  crops  in 
general — all  these  questions  have  come  up  as  distinctly  muck  problems. 

We  have  found  important  relationships  between  the  addition  of  fer- 
terlizers  and  the  rapid  breaking  down  of  new  muck.  We  have  worked  on 
the  matter  of  the  relations  of  manure  to  the  development  of  muck,  and  its 
utilization  in  breaking  down  the  raw  muck. 

The  entire  question  of  intensive  truck  growing  on  muck  is  a  subject 
in  itself.  We  do  not  recognize  sufficiently  that  Michigan  is  by  virtue  of 
its  position,  likely  to  be  one  of  the  biggest  truck  sections  in  the  United 
States,  and  our  muck  is  to  play  an  important  part  in  growing  this  truck. 
Today  we  are  one  of  the  leading  states  in  the  Union  in  the  production 
of  celery  and  onions,  both  of  these  almost  exclusively  grown  on  muck. 

The  matter  of  varieties,  the  matter  of  demonstrations  on  questions 
relating  to  these  crops  have  received  the  attention  of  this  office  and  will 
receive  more  as  this  work  is  given  more  funds  and  more  men  are  put  on 
it.  We  have  been  marking  time  this  year,  as  it  were,  and  affirming  some 
of  the  findings  of  the  last  year. 

The  question  of  implements  is  demanding  attention.  The  implements 
used  on  high  land  are  not  at  all  adaptable  to  muck.  The  tendency  for 
implements  to  sink  in  muck  makes  wide  wheels  necessary,  and  implements 
of  low  construction  which  can  be  easily  handled,  are  demanded.  A 
great  deal  of  work  could  be  done  in  cooperating  with  the  manufacturers 
in  making  tests  for  plows,  and  various  farm  implements  on  our  muck 
areas;  as  for  example,  several  of  the  big  muck  farms  in  the  State  of  Michi- 
gan today,  do  not  use  a  manure  spreader  for  the  reason  that  the  present 


Digitized  by 


Google 


184  StATB  fiOARb  Ol"  AGtttOtl/ttmtt. 

types  are'not  adapted  to  muck.  The  various  implements  used  in  cultiva- 
tion should  be  cha£iged  radically  for  muck  use.  All  these  matters  will 
be  taken  up  in  cooperation  with  the  Farm  Mechanics  Department. 

Muck  problems  have  become  definite  through  contact  with  muck  far- 
mers through  the  State,  and  through  contact  with  the  muck  demonstra- 
tions which  were  carried  on  under  our  auspices  in  various  parts  of  the 
State;  namely,  in  Allegan  county,  Huron  county,  and  Kalamazoo  county. 

Sooner  or  later  it  will  be  found  that  it  will  be  advizable  to  have  a 
muck  demonstration  farm,  upon  which  these  many  things  could  be  tried 
out. 

The  work  is  to  a  great  extent  unorganized.  It  should  be  divided  into 
its  two  distinct  phases,  the  intensive  and  the  extensive  muck  farming. 
The  intensive  farming  is  a  field  which  requires  a  special  attention  to 
truck  crops  and  the  various  problems  arising  from  the  truck  crops  grown 
on  muck.  The  matter  of  celery  seed,  celery  varieties,  celery  diseases,  the 
entire  celery  problem,  could  very  well  use  a  man  continually  upon  it, 
and  the  fact  that  it  represents  an  industry  in  Michigan  which  goes  into 
the  millions,  is  sufficient  to  urge  the  appointment  of  such  a  man  in  the 
near  future,  who  would  deal  with  all  the  muck  problems  dealing  with 
muck  truck  crops.  The  entire  onion  question  has  never  been  worked  out 
satisfactorily  in  the  State.  The  growers  are  ignorant  of  methods  used  in 
other  states;  they  are  not  acquainted  with  the  storage  information,  with 
diseases,  and  insect  control,  with  handling  of  muck,  etc.  They  have  many 
problems,  and  it  is  my  belief  that  the  only  way  these  problems  can  be 
handled  is  through  the  specialist  who  is  concerned  with  all  the  various 
aspects  of  the  truck  crops  on  muck. 

There  is  the  consideration  of  the  extensive  muck  agriculture  which 
is  only  a  part  of  the  problem  of  the  reclamation  and  utilization  of  large 
areas  in  the  State  at  present  unused.  It  brings  up  the  problem  of  the 
management  of  these  areas,  animal  husbandry  and  cropping.  According 
to  a  careful  estimate  by  United  States  drainage  engineers,  there  are  more 
than  five  million  acres  of  muck  in  Michigan.  This  office  has  been  giving 
these  matters  study.  Means  should  be  available  for  carrying  our  in- 
formation to  all  the  counties  in  the.  State,  rather  than  to  the  few  counties 
that  we  have  had  time  to  work  in. 

To  a  great  extent  the  time  of  this  office  has  been  taken  up  with  the 
southwestern  counties  because  of  the  serious  celery  problems  which  have 
arisen  this  year,  problems  which  have  to  do  with  adulterated  seed,  diseases, 
and  plant  bed  failures,  consequently  my  planned  efforts  in  other  directions 
have  not  materialized.  Still,  it  was  possible  to  carry  out  several  demon- 
strations which  are  now  growing  and  seem  to  indicate  very  interesting  things. 

The  largest  demonstration  carried  out  is  a  nine  acre  plat  on  the  Wood- 
ward farm  in  Constantine,  where  the  Muck  Farmer's  Association  will 
meet  for  a  summer  meeting  on  July  15,  and  at  which  time  we  will  go  over 
our  problems.  We  have  started  a  demonstration  plat  at  Traverse  City, 
at  the  State  Hospital.  This  i^  the  second  year  of  a  demonstration  plat 
at  Deckerville  in  the  eastern  part  of  the  State,  which  was  a  complete  suc- 
cess in  so  far  that  a  farmer  made  the  unsolicited  statement  that  that  demon- 
stration was  the  most  valuable  farm  work,  and^had^repaid  him  more  than 
any  work  that  he  had  ever  done.  The  results  of  this  demonstration  were 
printed  in  full  in  the  ''Michigan  Farmer"  and  sent  to  all  the  members  of 
our  mailing  list  which  numbers  about  nine  hundred. 
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As  was  mentioned  before  the  Muck  Farmers'  Association  was  formed 
this  year,  and  went  on  record  as  requesting  the  Agricultxiral  College  to 
give  more  attention  to  the  muck  areas  of  the  State.  A  request  was  made 
for  a  short  course  along  muck  lines,  which  would  deal  with  the  handling 
of  soils  and  management  of  muck  land. 

This  office  continued  to  handle  Camp  Custer  manure  for  the  farmers 
of  the  State,  and  this  work  which  was  outside  of  our  regular  work,  was 
the  result  of  utilizing  almost  fifteen  himdred  cars  of  manure  at  a  loading 
charge  of  about  ten  dollars  less  than  the  loading  charge  of  manxire  at 
Chicago.  Not  only  did  it  save  this  large  amount  of  money  for  the  farmers 
of  Michigan,  but  it  also  made  available  this  manure  at  a  time  when  fer- 
tilizers were  short  and  no  maniu-e  was  available  at  Chicago. 

Attempts  are  being  made  to  renew  this  contract  with  the  Camp  au- 
'  thorities  so  that  the  farmers  may  continue  to  receive  this  fertilizer. 

Considerable  work  has  been  carried  on,  showing  the  value  of  the  use 
of  muck  as  a  fertilizer.  This  work,  which  was  begun  the  previous  year,  has 
led  to  many  interesting  results.  It  should  be  noted  that  two  companies  in 
Berrien  county,  have  been  formed  to  sell  muck  as  humus,  and  the  results 
obtained  seem  to  indicate  that  these  companies  are  giving  full  value  for 
money  received.  Berrien  county  has  been  particidarly  active  in  the 
utilization  of  muck  as  a  fertilizer.  Wherever  applied  under  the  direction 
of  this  office,  results  have  been  satisfactory.  The  possibilities  for  work 
along  this  line  are  unlimited.  It  is  hoped  that  this  next  winter  this  office 
can  become  acquainted  with  the  various  counties  containing  large  muck 
areas,  which  have  not  been  reached,  and  work  outlined  for  the  following 
summer. 

This  work  has  really  been  in  the  formative  stage.  It  must  be  kept  in 
mind  that  there  is  very  little  literature  and  very  little  information  avail- 
able on  these  muck  problems.  However,  with  the  experience  and  active 
contact  with  the  work  in  the  field  and  with  the  big  muck  farmers,  these 
matters  have  become  crystallized,  and  I  feel  that  we  are  now  at  a  point 
where  definite  comprehensive  activity  in  the  reclamation  and  utilization 
of  our  muck  areas  should  no  longer  be  delayed. 

ANNUAL  REPORT  FARM  MANAGEMENT  DEMONSTRATIONS. 

BY  CHAS.   GRAVES. 

The  program  of  the  past  year's  work  covered  four  principal  parts.  The 
first  part.  The  Business  Viewpoint,  was  of  general  educational  nature 
handled  largely  through  the  extension  schools  and  farmers'  meetings.  The 
work  has  been  very  simple  and  fundamental.  The  talks  and  discussions 
were  illustrated  by  charts  and  blackboard  work.  This  phase  of  the  work 
is  considered  of  vital  importance  by  the  demonstrator  and  especially  in 
view  of  the  fact  that  very  few  of  the  extension  workers  of  the  State  have 
had  previous  training  in  farm  management  as  a  subject. 

FARM  RECORDS  AND  ACCOUNTS. 

More  time  has  been  devoted  to  Farm  Records  and  Accounts  than  any 
other  single  subject.  Two  types  of  account  books  have  been  published  by 
the  department  during  the  past  year.  The  two  account  books  were  of 
different  grades  of  work.    The  No.  1  being  as  simple  and  elemental  as 
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possible  with  the  aim  in  view  to  meet  the  demand  for  a  beginner's  book. 
This  book  was  distributed  through  the  county  agricultural  agents  and  the 
banks.  The  No.  2  account  book  is  a  complete  farm  record  and  includes 
a  complete  labor  record  as  well  as  financial  record.  This  book  has  been 
popular  among  the  farmers  who  wish  to  study  their  farm  business  in  more 
detail  than  is  possible  in  any  other  way.  This  book  has  been  distributed 
only  through  the  farm  management  office  and  the  county  agricultural 
agents. 

AGRICULTURAL  CREDITS. 

A  credit  statement  to  be  used  by  farmers  in  asking  for  short  time 
loans  was  prepared  by  the  demonstrator  and  presented  to  the  bankers 
both  by  correspondence  and  at  the  district  meeting  of  the  Bankers'  Associa- 
tion. The  farm  management  demonstrator  furnishes  additional  copies 
to  anyone  on  request. 

LABOR  EFFICIENCY. 

A  due  portion  of  time  has  been  devoted  to  this  subject  both  at  extension 
schools  and  with  farmers  on  their  own  farms.  The  size  of  farm,  arrange- 
ment of  fields,  size  of  team  units,  and  the  efficient  use  of  farm  machinery 
have  been  emphasized  according  to  their  importance  for  the  most  economic 
use  of  labor. 

The  policy  of  the  demonstrator  has  been  to  work  entirely  through  the 
county  agricultural  agents  and  they  have  been,  responsible  for  the  werk 
done  in  their  respective  counties. 

The  demonstrator  presented  farm  management  work  at  five  of  the 
county  agent  conferences  held  during  the  past  year  and  spent  some  time 
in  conference  with  individual  county  agents  in  planning  the  program  to 
be  followed  in  pursuance  of  the  project. 
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STATISTICS  OP  ANNUAL  REPORT.  FARM  MANAGEMENT  DEMONSTATIONS. 
JULY  1,  1918  TO  JULY  30.  1919 


County. 

Account 
No.l. 

Books 
No.  2. 

Farm 
Msits. 

Special 
Meetings. 

Extension 
1-day. 

Schools 
2.<lay. 

Alger     

12 

13 

AlieKM 

52 

BiSk...        ..                                             .   ... 

22 
7 

10 
33 
20 
22 

13 

B^::;.::;. ;.;.:.::::..:. ...:::.::: 

12 

15 
17 
15 
21 

20 

27 

Bensie 

1 

2 

Branch  

15 

1 
2 

1 

Cbbb  

Oheboyg»n ....,.,. ..,,,..,,,,...,,,., 

1 

4 

Clinton 

21 
28 
4 

5 
10 

Delta  

9 

2 

Didcenaon 

Eaton 

26 
20 
10 
17 

35 

12 

4 
4 
5 

2 

Emmet 

Geneaaee 

2 
2 

1 

Qladwin  

lotco      

Iron 

20 

6 

1 

TimbHU .- 

21 
3 

26 

Jaekson 

32 

3 

ITAlklMlW 

Kent 

No  report. 
10 
5 
18 

2 
14 

4 
17 
45 

50 
5 
6 

75 

61 
73 
il 

6 

1 

lApeer ...  - .,.,.-                  t   ,  ■ 

12 
12 

1 
5 

1 

Livingeton. 

Macomb 

Maniatee 

14 

5 

Marauette 

11 

mSS^^::::::::::::;:::::::::::::;:::::;::::. 

14 
3 
1 

68 
33 
4 

1 

Meeoata 

1 

Menominee 

5 

2 

Mioaukee 

Monroe 

1 
8 

2 

Montmorency 

1 

Ocfana 

Oieeola 

5 
3 

5 

30 
20 
20 

89 
20 

7 
50 

Sacinaw '. 

1  .. 

Skiavaaaee 

10 
10 

2 

St.  Clair 

13 

9 

2 

Sr.  Joseph  

1 

Tweola 

12 
17 

1 
1 

VanBoren 

Waahtntaw ...                            

7 
16 
20 

1 

Wayne 



4 

Miiic<»l)aiMntu) ^  ^             

15 

* 

3 

Total 

714 

728 

164 

35 

19 

17 
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REPORT  OF  EXTENSIONiWORK  IN  APICULTURE. 

BT  EDWIN  EWELL. 

la  the  past  beekeepers  have  worked  quite  independently.  Disease 
became  widely  spread  and  ancient  methods  were  used.  Only  a  very 
small  part  of  the  nectar  was  being  secured.  The  shortage  of  sugar  and 
the  need  for  a  larger  production  of  other  sweets,  was  ground  for  an  appeal 
to  the  beekeeper. 

Our  policy  has  not  been  to  produce  more  beekeepers,  but  to  produce 
bettei*  beekeepers.  It  was  evident  that  this  could  be  accompilshed  best 
through  organization  and  cooperation.  It  would  be  as  easy  to  instruct  a 
group  as  an  individual.  The  work  must  be  educational  and  requires 
time. 

Many  individual  beekeepers  have  been  visited  in  thirty  counties  of 
the  State,  mostly  in  the  southern  part.  We  have  worked  where  traveling 
facilities  were  best  in  order  to  reach  the  largest  number. 

Thirty-two  counties  of  the  State  now  have  Beekeepers'  Associations: 

Bay  Gratiot  Kent  St.  Joseph 

Branch  Grand  Traverse    Lapeer  Saginaw 


Berrien 

Hillsdale 

Lenawee 

Sanilac 

Cass 

Huron 

Mason 

St.  Clair 

Calhoun 

Ingham 

Macomb 

Shiawassee 

Clinton 

Ionia 

Monroe 

Tuscola 

Eaton 

Jackson 

Oakland 

Wayne 

Genessee 

Kalamazoo 

Ottawa 

Washtenaw 

I  attended  the  State  Fair  at  Detroit,  with  an  exhibit  by  the  State  Bee- 
keepers' Association.  Also  an  exhibit  during  Farmers'  Week  at  East 
Lansing,  and  in  both  places  gave  almost  a  continuous  lecture  on  beekeeping. 

I  have  given  six  addresses  on  beekeeping  in  schools,  farmers'  clubs, 
and  meetings  of  fruit  growers. 

I  have  given  addresses  at  the  State  Beekeepers'  Association  Meeting, 
Short  Course  in  Beekeeping  at  the  Agricultural  College,  and  at  a  two-day 
school  at  Three  Rivers,  and  at  a  meeting  on  inspectors  at  East  Lansing. 

Forty-five  county  beekeepers'  meetings  have  been  attended  and  an 
address  given  at  nearly  every  meeting  and  many  questions  answered. 
About  1,100  persons  were  present  at  these  meetings. 

The  work  has  gone  steadily  along  during  the  year,  except  some  in- 
terruption caused  by  the  flu  epidemic. 

Like  all  educational  work,  results  are  most  noticeable  where  the  largest 
number  of  meetings  have  been  held,  and  the  most  work  done. 

Michigan  is  an  exceptionally  good  state  for  beekeeping  and  there  is 
need  for  a  larger  conservation  of  the  nectar  that  now  goes  to  waste.  There 
is  a  tendency  for  a  larger  number  of  men  to  become  larger  honey  producers. 
Disease  is  better  understood  and,  if  not  eradicated,  is  being  controlled 
more  and  more  and  the  outlook  for  larger  honey  production  in  Michigan 
is  bright. 
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REPORT    OF    EXTENSION    WORK    IN    HOUSEHOLD 
ENGINEERING. 

BT   O.    E.   ROBET. 

The  work  has  been  carried  out  much  the  same  as  during  the  previous 
year.  Since  the  close  of  the  war,  renewed  activity  has  been  noted  in  all 
lines  of  work.  In  fact,  the  demand  has  been  so  great  that  it  has  been  im- 
possible to  give  assistance  in  all  places  where  asked. 

EXTENSION  SCHOOLS. 

As  usual  the  winter  months  were  spent  largely  in  lecturing  at  Extension 
Schools.  Lectures  on  both  Drainage  and  Household  Engineering  were 
given.  During  the  winter  sixteen  schools  were  attended  and  forty-one 
lectures  were  given  to  an  aggregate  attendance  of  2,274. 

HOUSEHOLD  ENGINEERING. 

The  work  in  Household  Engineering  has  consisted  in  sending  out  plans, 
lectures,  and  the  construction  of  septic  tanks.  Twenty  septic  tanks  have 
been  constructed  during  the  year. 

DRAINAGE. 

The  work  in  drainage  has  increased  rapidly  during  the  year  and  has 
gradually  widened  in  scope.  A  more  careful  study  of  this  subject  cannot 
help  but  show  the  great  need  in  this  state  for  more  and  better  drainage. 
In  a  great  many  cases,  it  is  the  fundamental  need  before  good  agricultural 
practices  can  be  applied. 

The  work  has  xsonsisted  of  lectures,  surveying  fields  and  farms,  giving 
suggestive  layouts  for  drainage  systems,  assistance  in  securing  outlets,  etc. 

In  St.  Clair  county,  the  drainage  work  has  been  carried  on  in  a  some- 
what extensive  manner.  This  county  is  especially  in  need  of  tile  drainage. 
A  large  part  of  the  soil  is  a  heavy  clay  and  the  last  three  or  four  seasons  of 
especially  wet  weather  has  clearly  shown  that  satisfactory  crops  cannot 
be  grown  on  this  land  imder  the  present  conditions. 

A  study  of  the  situation  in  this  coimty  showed  that  in  order  to  make 
the  work  most  effective  it  was  necessary  to  carry  on  an  educational  cam- 
paign and,  also,  to  assist  in  securing  tile  and  in  getting  the  tile  put  in  the 
ground. 

The  educational  work  has  been  carried  on  for  the  past  two  years  and  has 
begun  to  show  good  results.  As  a  continuance  of  this  educational  work 
and  in  order  to  bring  an  object  lesson  before  each  community,  a  series  of 
demonstrations  were  started  this  spring  in  cooperation  with  the  county 
agents.  Fields  of  twenty-five  to  forty  acres  were  secured  in  various  parts 
of  the  county  (about  300  acres  in  all)  for  drainage  and  demonstrational 
purposes.  These  fields  have  been  selected  so  that  they  can  readily  be  seen 
from  a  main  road.  A  large  tile  drainage  machine  has  been  secured  to  go 
into  the  county  and  tile  these  fields  according  to  our  plans.  The  work  is 
now  in  progress  and  very  satisfactory  results  are  expected.    A  great  deal 
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of  publicity  has  been  carried  on  by  Mr.  Brody,  the  County  Agricultural 
Agent,  and  the  papers  of  the  county  have  cooperated  fully  in  carrying  out 
this  phase  of  the  work. 

On  June  27,  1919,  a  large  drainage  demonstration  was  held  at  one  of 
the  farms.  About  two  hundred  people  were  in  attendance.  The  people 
attending  came  from  nearly  every  township  in  the  county.  The  demon- 
stration attempted  to  show  a  practical  method  of  putting  in  tile  by  a 
power  machine,  as  well  as  methods  of  laying  out  farm  drainage  systems 
and  various  technical  points  important  in  drainage  work. 

The  tile  used  in  this  demonstration  work  (about  fifty  carloads)  has  been 
bought  cooperatively  at  a  saving  of  over  fifty  dollars  per  car.  A  move  is 
also  on  foot  for  buying  future  orders  of  tile  used  in  the  county  in  a  similar 
manner. 

It  is  expected  that  two  or  three  power  drainage  machines  will  be  pur- 
chased, as  a  result  of  the  demonstrational  work,  either  by  cooperative 
companies  or  individuals  so  that  the  work  will  be  able  to  continue  in  the 
county. 

Accompanying  this  report  is  a  photographic  reproduction  of  a  sign 
used  to  call  the  attention  of  passersby  to  the  demonstration,  also  a  map 
of  the  county  showing  the  location  of  the  various  plots  and  a  copy  of  a 
farm  map  furnished  the  farmer  who  is  having  the  work  done. 

TRACTOR  DEMONSTRATIONS. 

During  the  year  assistance  has  been  asked  by  various  county  agents 
in  holding  tractor  demonstrations.  Two  very  successful  demonstrations 
have  been  held,  one  at  Centreville  last  fall,  at  which  there  was  an  at- 
tendance of  about  10,000  people,  and  one  this  spring  at  Coldwater  with 
an  attendance  of  4,000.  The  county  agents  of  the  counties  in  which  these 
demonstrations  were  held  deserve  a  great  deal  of  credit  for  the  great 
amount  of  detail  work  necessary  to  make  these  demonstrations  a  success. 

REPORT   OF   EXTENSION   WORK   IN   FORESTRY. 

BY  E.  C.  MANDENBURG. 

During  the  first  half  of  the  fiscal  year  the  work  was  carried  on  by  the 
staflf  of  the  Forestry  Department.  A  number  of  woodlots  were  examined 
and  several  dune  areas  were  visited  and  demonstrations  held. 

On  January  1,  the  specialist  resumed  work.  A  hurried  general  survey 
was  made  and  a  good  healthy  interest  in  forestry  was  found  to  exist  over 
the  whole  Lower  Peninsula.  Numerous  requests  have  been  received 
for  woodlot  examinations  and  assistance  in  marketing  woodlot  products. 
Several  areas  were  visited  and  planting  plans  and  recommendations  were 
made.  Over  seventy  thousand  seedUngs  and  transplant  trees  were  planted 
on  three  different  '*sand  blow"  projects.  Two  of  these  were  *'follow-up" 
projects  while  the  third  was  a  new  one.  The  preliminary  work  and  ex- 
amination on  this  project  was  made  by  a  member  of  the  Departmental 
staflf.  All  the  planting  work  in  connection  with  these  projects  was  carried 
on  through  the  cooperation  of  farm  bureaus  and  farmers  in  the  immediate 
vicinity  of  the  Blows.     The  specialist  was  on  hand  to  direct  the  work. 

The  work  in  the  maple  syi;up  project  was  advanced  by  a  Round-Up  of 
makers  at  the  College  during  Farmers*  Week,  this  being  the  second  Annual 
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Meeting  of  the  association,  and  by  visits  to  the  sugar  camps.  A  keen  inter- 
est was  manifested  among  the  sugar  makers  in  the  care  and  management 
of  the  sugar  groves  and  in  the  application  of  the  new  Woodlot  Tax  Exemp- 
tion Law  of  1917. 

Opportunities  for  addresses  concerning  forestry  and  related  matters 
have  not  been  wanting.  Talks  were  made  before  farmers'  clubs,  granges, 
women's  clubs  and  at  demonstrations.  A  number  of  articles  were  written 
for  the  public  press  and  several  county  agents  having  monthly  publications 
were  supplied  with  forestry  articles. 

Efforts  have  been  made  to  encourage  and  assist  in  every  way  the 
various  organizations  which  are  interested  in  highway  tree  planting.  At 
the  last  session  of  the  Legislature  the  Department  of  Forestry  was  asked 
to  draw  up  a  bill  which  would  provide  for  the  planting  and  care  of  trees 
on  State  Reward  roads.  This  bill  was  passed  and  signed  by  the  Governor 
and  is  now  a  law.  This  will  greatly  aid  the  development  of.  prettier  high- 
ways and  will  be  no  detriment  to  traffic  but  will  add  much  to  the  pleasure 
of  a  drive  over  these  roads. 

During  Farmers'  Week  a  forestry  exhibit  was  given  and  particular  in- 
terest, was  manifested  in  the  windbreak  exhibit.  During  the  coming  year 
plans  are  being  made  to  stimulate  interest  in  the  planting  of  shelter  belts 
and  in  this  way  to  assist  the  farmer  in  improving  the  home  surroundings. 

SUMMARY  OF  WORK  PERFORMED. 

Number   Attendance 

Farm  visits 169 

Demonstrations  held 11               158 

Talks  given 19              527 

County  visits 36 

Woodlots  visited  (acreage  1,800) 52 

Sand  dunes  visited  (acreage  1,200) ...  12 

Conferences  with  agents  and  others .  .  103 

People  served 1,380 

REPORT  OF  EXTENSION  WORK  IN  DAIRY  PRODUCTS. 

BY  O.  T.  GOODWIN. 

The  greater  part  of  the  extension  work  in  dairy  products  has  been 
carried  on  directly  with  various  dairy  manufacturing  plants.  Most  of 
this  work  has  been  directed  to  the  correction  of  inefficient  methods  in  the 
plant  and  the  improvement  of  the  finished  product. 

Instruction  has  been  given  in  such  subjects  as  the  Babcock  test,  moisture 
test,  moisture  control,  workmanship  of  butter,  neutralization,  starters, 
manufacture  of  cottage  cheese  and  ice  cream,  and  the  purchase  of  dairy 
machinery. 

During  a  portion  of  the  year  a  survey  was  made  of  the  creamery  con- 
ditions in  various  sections  of  the  State  to  determine  what  factors  on  the 
plants  lead  to  the  farmers  being  furnished  the  most  satisfactory  market. 

A  certain  amount  of  work  has  been  done  among  patrons  to  improve  the 
quality  of  the  raw  product  furnished  dairy  manufacturing  plants.  It  is 
planned  to  carry  on  more  of  this  work  in  the  future. 
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Considerable  time  has  also  been  spent  in  conference  with  officials  of 
the  Food  &  Drug  Department  in  regard  to  the  Babcock  Testers'  License 
Law  and  the  method  of  application. 

SUMMARY. 

Days  in  office  and  laboratory 86 

Days  in  field. . ; 106 

Dairy  manufacturing  plants  visited 85 

Meetings  attended 8 

Meetings  addressed 2 

Attendance  at  meetings  addressed 120 

REPORT  OF  FIELD  AGENT  IN  MARKETING. 

BY  HALE  TENNANT. 

The  work  of  the  Field  Agent  in  Marketing  in  Michigan  during  the  fiscal 
year  passed  may  best  be  described  by  an  account  of  the  activities  in  the 
following  agricultural  industries: 

1.  Potato.  4.     Milk  and  other  dairy  products. 

2.  Fruit.  5.     Beans  and  grains.  - 

3.  Live  stock.  6.     Vegetables  other  than  potatoes. 

In  the  potato  industry,  the  organization  of  local  associations  on  the 
plan  described  in  the  last  report  was  continued  until  a  sufficient  number 
had  been  completed  to  warrant  the  organization  of  the  central  association 
which  was  completed  on  August  14  and  15  at  Traverse  City,  Michigan. 
This  central  organization  is  known  as  the  Michigan  Potato  Growers' 
Exchange.  This  exchange  was  organized  on  a  strictly  cooperative,  non- 
profit, non-capital  stock  basis,  to  comply  with  the  requirements  of  the 
Clayton  amendment  of  the  Anti-Trust  Law,  so  that  both  local  and  central 
organizations  should  come  under  this  amendment.  The  relations  of 
the  local  association  to  the  central  organization  are  very  similar  to  the 
relations  of  the  individual  farmers  to  the  local  unit.  That  is,  they  are 
contractual  and  the  fulfillment  of  the  contract  is  secured  by  the  deposit 
of  a  promissory  note,  the  principal  function  of  the  central  exchange  being 
to  supply  a  sales  service  for  the  local  members  association  whose  work, 
in  turn,  is  to  assemble,  store,  grade  and  load  for  shipment,  the  farm 
products  of  its  members. 

The  time  intervening  between  the  organization  of  the  Central  Potato 
Exchange,  and  the  active  operating  season  which  began  in  October,  was 
devoted  to  the  development  of  a  practical  working  plan  for  the  organization. 
Special  attention  was  given  to  the  development  of  the  sales  and  shipping 
service.  Considerable  time  was  spent  in  conference  with  the  Board  of 
Directors  and  officers  of  the  exchange  in  formulating  a  definite  policy,  and 
also  in  consideration  of  the  personnel  of  the  prospective  sales  staflF.  A 
trip  to  Virginia  was  made  to  study  the  sales  and  shipping  methods  of  the' 
Virginia  East  Coast  Produce  Exchange  and  also  in  the  hope  that  some 
cooperative  arrangement  could  be  made  with  that  organization  relative 
to  some  phases  of  the  sales  service,  especially  as  regards  representation 
in  market.  Attention  was  also  given  to  an  accounting  system  for  the 
central  as  well  as  the  local  organizations,  and  the  services^  of  ajepresenta- 
tive  of  the  project  of  the  Markets  Business  Practice  were  seciired.; 
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Considerable  work  was  also  done  on  banking  arrangements  for  the 
central  organization  as  well  as  the  locals,  and  a  continuous  effort  was  made 
to  enlist  the  support  of  the  banking  and  business  interests  of  the  section  of 
the  State  in  which  the  organizations  are  operating. 

The  organization  of  local  associations  was  continued  throughout  the 
year.  The  plan  included  covering,  as  far  as  possible,  the  northern  part 
of  the  lower  peninsula  and  also  the  upper  peninsula. 

The  membership  of  the  Michigan  Potato  Growers'  Exchange  at  the 
commencement  of  the  shipping  season  included  the  following  associations: 

Alba  Marketing  Assn.,  Alba. 

Barker  Creek  Cooperative  Marketing  Assn.,  Barker  Creek. 

Barry  ton  Cooperative  Assn.,  Barryton. 

Bellaire  Cooperative  Marketing  Assn.,  Bellaire. 

Boyne  City  Cooperative  Marketing  Assn.,  Boyne  City. 

Brytus  Cooperative  Market,  Brutus. 

Cooperative  Marketing  Assn.  of  Cadillac,  Cadillac. 

Cedar  Produce  Exchange,  Cedar  City. 

Central  Lake  Marketing  Assn.,  Central  Lake. 

Cheboygan  Cooperative  Marketing  Assn.,  Cheboygan. 

Dighton  Cooperative  Marketing  Assn.,  Dighton. 

East  Jordan  Cooperative  Assn.,  East  Jordon. 

Elk  Rapids  Cooperative  Marketing  Assn.,  Elk  Rapids. 

Banks  Township  Market  Assn.,  Ellsworth. 

Elmira  Marketing  Assn.,  Elmira. 

Empire  Produce  Exchange,  Empire. 

Falmouth  Cooperative  Marketing  Assn.,  Falmouth. 

Otsego  County  Cooperative  Assn.,  Gaylord. 

Garfield  Marketing  Assn.,  Fife  Lake. 

Hart  Cooperative  Marketing  Assn.,  Hart. 

Farmers  Cooperative  Assn.,  Kingsley. 
/     Lake  City  Cooperative  Marketing  Assn.,  Lake  City. 

Levering  Cooperative  Market  Assn.,  Levering. 

Mesick  Cooperative  Marketing  Assn.,  Mesick. 

Manton  Cooperative  Marketing  Assn.,  Manton. 

Mancelona  Marketing  Assn.,  Mancelona. 

Petoskey  Cooperative  Market  Assn.,  Petoskey. 

Provemont  Cooperative  Marketing  Assn.,  Provemont. 

Rapid  City  Cooperative  Marketing  Assn.,  Rapid  City. 

Rogers  City  Cooperative  Marketing  Assn.,  Rogers  City. 

Rodney  Cooperative  Assn.,  Rodney. 

Farmers'  Cooperative  Assn.',  Traverse  City. 

Wolverine  Cooperative  Market  Assn.,  Wolverine. 

The  enclosed  map,  marked  *' Exhibit  A,"  indicates  the  location  of  these 
organizations.  On  July  first,  the  membership  for  the  Exchange  had 
increased  to  include  the  following  organization: 

Helena  Produce  Assn.,  Alden. 

Bark  River  Market  Assn.,  Bark  River. 

Bendon  Produce  Exchange,  Bendon. 

Benzie  Farmers'  Cooperative  Assn.,  Beulah. 

Buckley  Marketing  Assn.,  Buckley. 

Charlevoix  Cooperative  Assn.,  Charlevoix. 

Evart  Cooperative  Shipping  Assn. 
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Gleaner  Farmer  Produce  Co.,  Fife  Lake. 

Grant  Cooperative  Marketing  Assn.,  Grant. 

Hobart  Cooperative  Marketing  Assn.,  Hobart. 

Kalkaska  Produce  Co.,  Kalkaska. 

McBain  Cooperative  Marketing  Assn.,  McBain. 

Millersburg  Cooperative  Marketing  Assn.,  Millersburg. 

Onaway  Cooperative  Marketing  Assn.,  Onaway. 

Posen  Cooperative  Marketing  Assn.,  Posen. 

Cleon  Marilla  Marketing  Assn.,  Pomona. 

Delta  Market  Assn.,  Rapid  River. 

Mason  County  Cooperative  Assn.,  Scottsville. 

Stanwood  Cooperative  Assn.,  Stan  wood. 

Leelanau  Potato  Growers'  Assn.,  Suttons  Bay. 

Woodville  Cooperative  Assn.,  Woodville. 

White  Cloud  Cooperative  Assn.,  White  Cloud.  ^ 

St.  Nicholas  Market  Assn.,  Winde. 

In  addition  to  the  above  organizations,  the  following  organizations 
have  been  completed  and  expect  to  join  the  Cadillac  Exchange  in  the  near 
future. 

Big  Rapids  Cooperative  Assn.,  Big  Rapids. 

Cloverland  Market  Assn.,  Daggett. 

Ford  River  Market  Assn.,  Escanaba. 

Hillman  Market  Assn.,  Hillman. 

Baraga  Coimty  Cooperative  Assn.,  L'Anse. 

Lake  Ann  Farmers'  Cooperative  Assn.,  Lake  Ann. 

Lewiston  Market  Assn.,  Lewiston. 

Marquette  Farmers'  Market  Assn.,  Marquette. 

Schoolcraft  County  Cooperative  Marketing  Assn.,  Manistique. 

Baldwin  Market  Assn.,  Perkins. 

Republic  Assn.,  Republic. 

Skandia  Market  Assn.,  Skandia. 

Shelby  New  Era  Cooperative  Assn.,  Shelby. 
The  enclosed  map,  marked  "Exhibit  B",  will  indicate  the  location  of 
these  organizations. 

There  are,  in  addition  to  the  organizations  above  listed,  a  considerable 
number  of  prospective  organizations,  and  it  is  confidently  expected  to 
increase  the  membership  of  the  Potato  Exchange  to  from  eighty  to 
ninety  organizations  during  the  next  fiscal  year. 

The  results  of  the  year's  work  of  the  Michigan  Potato  Growers'  Ex- 
change are  briefly  as  follows: 

Total  number  of  cars  handled 2,227 

In  addition  to  the  above,  75  cars  of  potatoes  have  been  handled  since 
the  first  of  last  July,  which  really  should  be  included  in  this  year's  busi- 
ness, making  a  total  of  about  2,300  cars. 

92,326,000  lbs.  of  potatoes  were  sold  for $1 ,  502 ,  751 .  34 

Sales  of  products  other  than  potatoes  totaled .       306 ,  195 .  40 
Supplies  purchased  for  organization  totaled  .  .         68 ,836 .  00 

Making  a  total  of $1,877,782.74 

Another  distinct  result  of  the  operation  of  the  Potato  Exchange  was 
the  wide  distribution  of  its  products.    The  2,300  cars  were  sold  to  ap- 


Digitized  by 


Google 


iBiTBNSIOt^  DtVtStof*.  Iflfc 

proximately  403  buyers,  locatedjinlfall  the  states  of  the  Union  east  of 
the  Mississippi  except  the  state  of  Mississippi,  and  to  several  states  west 
of  the  Mississippi.  It  is  a  noticeable  fact  that  very  few  potatoes^ofithe 
Michigan  Potato  Growers'  Exchange  were  sold  to  the  city  of  Detroit.  There 
was  aEo  a  noticeable  absence  of  pUing-up  of  potatoes  in  certain  preferred 
markets.  One  of  the  most  valuable  results  obtained  by  the*  efforts 
of  the  Potato  Exchange  was  the  work  done  in  the  standardization 
of  the  product.  It  was  found  that  a  large  number  of  varieties  were  being 
grown  in  the  section,  and  a  still  further  number  of  mixed  varieties.  Con- 
sistent effort  was  made  throughout  the  year  to  reduce  the  varieties  grown, 
as  far  as  possible,  to  the  variety  known  as  the  Russet  Rural,  and  which  has 
been  named  by  the  Potato  Exchange,  the  Petoskey  Golden  Russet,  and 
it  is  hoped  to  eliminate  practically  afi  the  varieties  except  this  and  certain 
types  of  round  white  potatoes  which  are  suitable  for  the  heavy  soils. 

Not  only  the  elimination  of  a  lot  of  undesirable  varieties,  but  also  the 
improvement  of  the  varieties  recognized,  was  made  a  permanent  policy 
of  the  organization.  This  improvement  of  the  varieties  was  carried  on 
under  the  direction  of  Mr.  C.  W.  Waid,  Potato  Specialist  of  the  Michigan 
Agricultural  College,  and  it  is  hoped  that  this  work  will  be  continued 
tIu*ough  the  coming  season. 

Demonstrations  were  also  held  throughout  the  territory  of  the  Ex- 
change by  Bureau  of  Markets  inspectors  and  county  agents,  to  explain 
the  grades  and  to  show  farmers  the  great  economic  loss  occasioned  by  the 
lack  of  proper  grading.  The  results  of  the  efforts  of  organization  along 
the  lines  of  standardization  may  be  best  .shown  by  the  fact  that  out  of 
the  403  customers  who  bought  the  Exchange  products,  all  but  three  have 
written  commendatory  letters  on  the  quality  of  the  output •is^recognized 
to  be  of  the  very  greatest  importance,  and  the  organization  caniiot  hope 
to  attain  any  marked  success  unless  its  output  is  of  distinctly  meritorious 
quality. 

Another  result  of  the  operations  of  the  Exchange  was  a  general  re- 
duction in  the  handling  cost  of  potato  marketing.  The  fact  that  there  were 
practically  no  cooperative  marketing  associations  in  the  state  during  the 
season  of  1918  and  that  the  cooperative  organizations  operated  for  the 
first  time  on  a  large  scale  in  the  season  of  1918-1919,  makes  it  possible  to 
show  the  results  of  the  organization  movement,  especially  since  the  United 
•States  Bureau  of  Markets  reports  were  available  for  at  least  part  of  the 
season  of  1917-1918  and  the  season  of  1918-1919.  It  is  regrettable  that 
the  reports  for  1917-1918  do  not  cover  the  whole  season,  as  regards  the 
prices  paid  the  farmers,  but  these  reports  do  cover  the  most  of  April  and 
May  in  1918  which  are  sufficient,  we  believe,  to  warrant  their  being  taken 
as  typical  for  that  season,  and  it  can  be  easily  demonstrated  that  the  re- 
ports for  April  and  May  of  1919  are  typical  for  the  whole  season  of  1918-t 
1919.  According  to  these  reports,  the  average  difference  between  the 
price  paid  to  the  farmer  and  the  price  received  by  dealers  and  organiza- 
tions from  the  11th  of  April  to  the  24th  of  May  in  the  year  1918  was 
$.4871  per  hundredweight.  The  average  difference  between  the  price 
paid  to  the  farmer  and  the  price  received  by  dealers  as  shown  by  the 
government  reports  for  the  period  between  April  11  and  May  24  of  the 
year  1919  was  $.2724  per  cwt.,  making  a  total  reduction  in  the  cost  of 
assembling  and  sale  of  potatoes  of  $.2147  per  cwt. 

According  to  the  reports  of  the  Bureau  of  Markets,  the  State  of  Michigan 
has  shipped  to  date  something  over  11,000  cars,  the  average  weight  of 
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these  cars  running  aroung  42,000  lbs.,  making  a  total  of  862,000,000  lbs. 
of  potatoes.  If  this  average  saving  of  $.2147  per  cwt.  were  made  on  this 
total  amount  of  potatoes,  the  total  saving  would  be  equal  to  $1, 850,714.00 ._ 
Extended  observation  would  indicate  that  the  price  paid  by  dealers  to 
farmers  in  the  territory  not  within  the  influence  of  the  Potato  Exchange  was 
considerably  less  than  the  amount  paid  the  farmers  within  the  territory  in 
which  the  Potato  Exchange  was  operated. 

The  average  difference  between  the  highest  price  paid  to  farmers  and 
the  highest  price  that  the  potatoes  were  sold  for  during  the  period  described 
in  the  year  1918,  was  $.5203  per  cwt.  The  average  difference  between  the 
lowest  price,  as  indicated  by  the  government  reports,  paid  to  the  farmer 
and  the  lowest  price  received  by  the  dealers  and  other  operators  during 
1918  for  the  period  mentioned  was  $.4521.  Now  the  average  price  between 
the  highest  price  paid  to  the  farmer  and  the  higest  price  for  which  potatoes 
sold  during  the  period  mentioned  during  the  season  of  1919  was  $.1922. 
The  average  difference  between  the  lowest  price  paid  to  the  farmer  during 
the  period  mentioned  in  1919,  and  the  price  that  the  potatoes  were  sold 
for  by  the  dealers^  and  the  Exchange,  as  indicated  in  the  government  bul- 
letin, was  $.3500.  While  there  is  no  direct  evidence  in  these  fighres  to 
bear  out  the  conclusion  that  the  low  cost  was  within  territory  of  the  Ex- 
change, and  that  the  high  cost  was  in  the  territory  not  affected  by  the 
cooperative  marketing  organizations,  many  observations  throughout  the 
state  would  indicate  that  this  condition  prevailed. 

It  is  possible  that  there  may  be  some  other  reason  than  the  effect  of 
th^  cooperating  marketing  associations,  in  reducing  the  marketing  cost  of 
potatoes,  but  that  reason  is  not  apparent,  and  to  a  close  student  of  the 
problem,  there  is  little  other  conclusion  possible  than  that  it  was  the  direct 
effect  of 'the  cooperative  marketing  associations  operating  at  cost,  which 
produced  the  results  above  described. 

THE  FRUIT  INDUSTRY. 

Marketing  work  in  the  Michigan  fruit  industry  was  devoted  principally 
to  the  uniting  of  organizations  already  established  in  the  fruit  belt.  A 
movement  had  been  under  way  for  several  years,  among  the  grape  associ- 
ations of  Berrien  and  Van  Buren  counties,  looking  to  the  formation  of  a 
central  sales  organization.  This  was  practically  secured  a  few  years  ago  by  . 
all  five  of  the  associations  in  the  field  uniting  and  employing  the  same  sales 
agency.  However,  a  need  was  felt  of  some  permanent  arrangement  be- 
tween the  locals  other  than  above  described,  and  a  meeting  was  held  at 
Hartford  early  in  the  year,  at  which  plans  were  fairly  well  matured  for  a 
proposed  federation.  As  the  organization  did  not  contemplate  a  combined 
sales  service,  and  interest  in  other  problems  affecting  the  industry  was 
not  active,  the  organization  did  not  thrive  as  is  usual  with  farm  organiza- 
tions of  this  type,  the  principal  weakness  being  that  there  was  not  sufficient 
work  to  maintain  active  interest  outside  of  the  sales  and  supply  business. 
As  the  crop  in  the  grape  belt  was  very  light,  and  the  development  of  the 
grape  juice  industry  was  such  that  practically  all  the  grapes  grown  in 
Van  Buren  county,  and  also  a  considerable  portion  of  the  Berrien  county 
output,  were  absorbed  by  the  juice  factories,  it  becme  apparent  that  the 
tonnage  of  grapes  was  scarcely  large  enough,  especially  in  years  of  light 
yield,  to  support  any  kind  of  a  permanent  organization,  and  it  became- 
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tnol'e  and  more  apparent  that  it  would  be  necessary  to  combine  all  the  fruit 
organizations  in  the  State  to  furnish  sufficient  tonnage  to  properly  sup^ 
port  a  central  sales  agency. 

Consequently  plans  were  developed  for  the  formation  of  a  state-wide 
exchange  which  would  include  all  fruit  organizations.  After  a  careful 
study  of  the  situation,  it  was  concluded  that  the  best  plan  was  to  eflFect  a 
reorganization  of  the  Michigan  Fruit  Packers'  Federation.  That  was 
accomplished  at  the  annual  meeting  of  the  said  organization,  and  the 
personnel  of  the  management  was  completely  changed.  The  name  was 
changed  to  the  Michigan  Fruit  Growers'  Exchange,  and  other  amendments 
to  the  by-laws  and  Articles  of  Association  were  voted,  in  order  to  make  the 
organization  satisfactory,  particularly  to  the  grape  interests.  Four  of  the 
grape  organizations  had  indicated  their  willingness  to  join,  and  it  is  hoped 
that  all  the  fruit  organizations  may  unite  on  this  plan  in  the  near  future. 

The  problem  presents  many  complications,  and  it  is  thought  advisable 
not  to  press  the  matter  at  present.  The  members  of  the  former  Michigan 
Fruit  Packers'  Federation  were  all  visited  in  the  interests  of  the  formation 
of  a  central  sales  agency.  Some  efforts  had  been  made  along  this  line  the 
preceding  year,  but  with  rather  unsatisfactory  results.  All  the  member 
organizations  were  visited  and,  with  the  exception  of  the  South  Haven  and 
Fennville  Fruit  Exchanges,  all  the  organizations  have  agreed  to  a  cen- 
tral sales  plan. 

In  addition  to  this  work,  new  organizations  are  being  completed  in 
the  northern  part  of  the  state,  one  of  which,  the  Hart  Cooperative  Mar- 
keting Association,  has  already  joined  the  Michigan  Fruit  Growers'  Ex- 
change. The  enclosed  map,  marked  "Exhibit  C",  indicated  the  location 
of  the  Fruit  Growers'  organizations  in  the  state,  and  the  location  of  the 
central  office  in  Benton  Harbor. 

LIVE  STOCK  INDUSTRY. 

Interest  in  cooperative  marketing  of  live  stock  has  been  very  active, 
and  a  large  number  of  local  organizations  have  been  completed  in  the 
State  during  the  past  year. 

In  response  to  a  general  demand  coming  from  local  live  stock  shipping 
associations  throughout  the  State,  an  effort  was  made  to  organize  a  state 
live  stock  exchange,  the  purpose  of  this  exchange  being  to  co-ordinate  and 
unify  the  efforts  of  the  local  associations  and  to  mobilize  their  financial 
power  and  strength  for  the  general  protection  and  upbuilding  of  the  in- 
dustry. Work  on  this  central  live  stock  excEange  was  delayed  until  the 
appointment  of  Mr.  G.  C.  Raviler  as  Field  Agent  in  Organization,  who  was 
to  give  special  attention  to  live  stock  marketing  in  the  State. 

In  response  to  a  general  call,  representatives  of  about  sixty-three  liv6 
stock  shinping  associations  assembled  at  Lansing  on  the  20th  and  21st  of 
March.  A  constitution  and  by-laws  were  adopted  and  the  following  direc- 
tors elected: 

Fred  Smith Grand  Traverse  County. 

H.  T.  Glezen Cheyboygan  County. 

E.  E.  Compson Mecosta  County. . 

L.  E.  Willett Shiawassee  County. 

C.  L.  Harrison St.  Joseph  County. 

C.  E.  Beamer Lenawee  County. 

Wm.  E.  Hill Genessee  County. 
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Mr.  C.  L.  Harrison  wa43  elected  president;  Mr.  H.  T.  Glezen,  vice-presi- 
dent; Mr.  E.  C.  Beamer,  treasurer;  and  Mr.  L.  E.  Willett,  secretary. 

Mr.  Raviler  is  meeting  with  uniform  success  in  allying  the  shipping 
associations  with  this  state  association,  but  on  account  of  the  extremely 
large  number  of  associations  and  the  wide  territory  included,  it  may  re- 
quire considerable  time  to  develop  a  membership  sufficient  to  warrant 
the  taking  on  of  any  large  economic  fimctions.  The  enclosed  map,  marked 
"Exhibit  D,"  shows  the  location  of  the  Uve  stock  shipping  associations 
that  participate  in  this  organization  movement.  The  central  office  will  be 
located  at  Lansing,  Michigan. 

DAIRY  PRODUCTS. 

The  work  in  this  field  has  been  devoted  to  the  study  of  milk  marketing 
problems,  especially  with  the  cooperative  distributing  plants  in  the  State, 
and  in  addition,  the  Berrien  County  Milk  Producers'  Association  was 
organized  in  the  cities  of  St.  Joseph  and  Benton  Harbor  for  the  purpose 
of  distributing  milk  in  these  cities  on  a  cooperative  basis.  This  organiza- 
tion is  now  completed  and  in  operation,  having  bought  out  the  two  com- 
petitive plants  in  the  Twin  Cities,  and  the  developments  along  this  line 
are  being  studied  with  interest. 

Toward  the  close  of  the  fiscal  year,  attention  of  the  Field  Agent  was 
drawn  to  the  milk  distributing  area  of  Detroit  by  reason  of  certain  petitions 
being  sent  to  the  Bureau  of  Markets  at  Washington,  requesting  a  survey  in 
the  city  of  Detroit  to  ascertain  the  surplus  milk  arriving  in  that  city.  In 
anticipation  of  a  re-organization  of  the  Milk,  Producers'  Association  of  the 
Detroit  area,  plans  are  being  formulated  for  such  re-organization. 

GRAINS  AND  VBQETABLBS. 

In  the  other  fields  in  the  State,  notably  the  beans  and  grains,  and  in . 
vegetables  other  than  potatoes,  including  onions  and  cabbage,  numerous 
local  organizations  have  been  completed,  but  as  yet,  no  effort  has  been 
made  toward  combination  of  elevators  for  the  purpose  of  centraUzed  mar- 
keting. 

In  addition  to  the  work  in  the  agricultural  industries  above  described, 
numerous  conferences  have  been  held  with  groups  of  county  agents  in 
various  parts  of  the  State  on  numerous  marketing  problems,  and  an  effort 
was  made  to  acquaint  the  county  agents  with  the  general  marketing  pro- 
gram which  has  been  advanced;  that  is,  the  organization  of  agricidtural 
interests  of  Michigan  along  the  line  of  the  different  products.  At  these 
conferences  attention  was  often  given  to  the  general  problem  of  cooperative 
marketing  as  it  presents  itself  in  local  associations  and  also  the  combination 
of  local  associations  into  district  or  state  exchanges. 

Addresses  have  also  been  made  to  farmers  at  numerous  gatherings 
throughout  the  State,  on  the  general  problem  of  cooperative  marketing. 

The  work  of  Mr.  G.  C.  RavUer,  Field  Agent  in  Organization,  since  hL 
appointment,  has  been  very  satisfactory,  and  his  services  will  no  doubt 
be  of  value  to  the  farmers  of  the  State.  Mr.  Raviler's  extended  experience 
in  cooperative  organization  makes  his  advice  of  especial  value  to  com- 
munities that  are  attempting  cooperative  organization,  especially  those 
communities  that  are  attempting  to  combine  into  one  local  unit,  practically 


Digitized  by 


Google 


EXTENSION  DIVISION.  199 

all  of  the  farm  cooperative  activities,  and  as  the  tendency  of  the  state 
seems  to  be  in  the  direction  ,of  eliminating  unnecessary  duplication  of 
farm  organizations,  especially  in  the  same  community,  it  has  been  neces- 
sary to  give  special  attention  to  forms  for  organization  of  this  type. 

The  following  is  a  list  of  the  organizations  which  Mr.  Raviler  has 
been  wholly  or  partly  instrumental  in  completing  since  his  appointment: 

Stockbridge  Producers'  Association. 

Milan  Live  Stock  Shipping  Association. 

New  Haven  Agricultural  Association. 

Dexter  Agricultural  Association. 

Munith  Live  Stock  Shipping  Association. 

Brookljm  Cooperative  Association. 

Dryden  Producers'  Association. 

Metamora-Hadley  Farmers'  Association. 

Imlay  City  Farmers'  Association. 

Gregory  Agricultural  Association. 

Highland  Agricultural  Association. 

Cohoctah  Agricultural  Association. 

Fowler  Live  Stock  Shipping  Association. 

Colling  Farmers'  Elevator  Association. 

Homer  Farmers'  Elevator  Association. 

Scotts  Agricultural  Association. 

Williamston  Farmers'  Elevator  Co. 

Detroit  Market  Gardners'  Association. 

Belleville  Agricultural  Association. 

REPORT  OF  EXTENSION  WORK  IN  POULTRY 
HUSBANDRY. 

BY  E.  C.  FOREMAN. 

The  state  wide  enthusiasm  and  interest  manifested  in  poultry  production 
by  farmer  and  breeder,  has  developed  largely  as  a  result  of  the  poultry 
culling  campaign  introduced  by  the  present  extension  specialist,  ably  as- 
sisted by  the  county  agricultural  agents  of  the  State,  whose  keen  approval 
and  endorsement  has  greatly  augmented  the  spreading  of  the  gospel  of 
economic  production  by  disposing  of  all  unprofitable  hens. 

A  conservative  estimate  of  the  number  of  hens  culled,  diuing  the  fiscal 
year  closing  June  30,  1919,  as  a  result  of  this  branch  of  extension  work, 
can  be  safely  placed  at  the  million  mark.  In  adopting  a  new  method  of 
culling  or  in  remodeling  old  ones,  the  acid  test  must  be  applied  in  order 
to  demonstrate  conclusively  the  certainty  of  the  work  and  its  practical 
application.  By  means  of  demonstration  farms,  egg  laying  contests,  and 
retention  of  all  hens  pronounced  unprofitable,  the  true  value  of  this  work 
has  been  established  and  the  accuracy  of  thi«  system  of  culling  has  been 
verified. 

POULTRY  CULLING  DEMONSTIiATIONS. 

This  work  was  conducted  almost  entirely  in  cooperation  with  the 
county  agricultural  agents,  who  arranged  the  meetings  and  made  it  pos- 
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sible  to  cover  so  much  territory  and  get  in  touch  with  so  many  people.  At 
each  demonstration  point  the  flock  would  be  culled  into  two  or  three 
grades  according  to  the  available  buildings  and  equipment. 

A  grade — Winter  layers,  highest  yearly  record. 
B  grade — Spring  and  summer  layers. 
C  grade — Constitutionally  poor  layers. 

Example — one  of  480 
J.  A.  Anderson,  Cassopolis,  Michigan. 

Daily  Production, 
After  Culling. 

A — 140  hens v.         90  eggs 

B — 125'  hens 30  eggs 

C —  85  hens  (culls) , . .  0  eggs 

Outstanding  individuals  are  banded  so  that  breeding  for  increased  pro- 
duction can  be  followed  at  home,  rather  than  purchasing  questionable 
birds  at  fancy  prices  from  breeders  with  "paper  poultry  farms''. 

DEMONSTRATION  FARMS. 

There  are  thirty-two  poultry  demonstration  farms  located  throughout 
the  State  operated  under  the  supervision  of  the  present  extension  specialist. 
The  results  of  the  work  of  these  various  farms  have  solved  many  much- 
disputed  questions. 

(1)  That  there  is  no  one  best  breed  of  poultry  for  the  State.  High 
and  low  producers  exist  in  all  breeds,  there  being  as  great  variation 
within  the  breed  as  there  is  between  breeds. 

(2)  That  systematic  and  intelligent  cuUing  is  profitable. 

(3)  That  environment  is  as  great  a  factor  as  breeding — "We  must 
breed  the  eggs  into  the  hen  and  feed  them  out". 

(4)  That  poultry  are  profitable  when  fed  high  priced  grains. 

(5)  That  properly  cared  for  hens  will  respond  to  care  tnore  quickly 
and  yield  a  greater  profit  than  any  other  equal  investment  on  the 
farm. 

EGG  LAYING  CONTEST. 

A  pen  of  Barred  Rock  pullets  were  selected  by  the  same  system,  now 
being  advocated  in  the  State  and  entered  in  the  Missouri  National  Egg 
Laying  Contest.  As  further  proof  of  the  reliability  of  this  original  system 
of  selection,  one  pullet  laid  105  eggs  in  117  days  during  the  winter  months; 
another  laid  268  eggs  in  103^  months  leading  all  hens  in  competition  in 
the  contest.    The  pen  led  the  Barred  Rock  division  in  the  contest. 

LITERATURE. 

Poultry  articles  have  been  supplied  frequently  for  publication  in  the 
various  farm  bureau  papers.  An  Extension  Poultry  Bulletin  is  almost  com- 
pleted. Mimeograph  copies  of  feeding  rations  have  been  furnished  all 
agricultural  agents  in  the  State  for  distribution. 
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LECTURE    MEETINGS    AND    EXTENSION    SCHOOLS. 

Provided  an  opportunity  for  follow  up  work  in  various  communities 
where  culling  demonstrations  were  held.  These  afforded  an  opportunity 
to  discuss  local  problems  and  enter  into  the  various  phases  of  poultry 
culture. 

SUMMARY  OF  WORK  PERFORMED  DURING  THE  PAST  FISCAL  YEAR. 

Average 

No.  Attendance.    Attendanc 

Farm  visits 583 

Poultry  culling  demonstrations 480  '^     9 ,  963                21 

Lecture  meetings  and  extension  schools     118  5,883                49 

Fairs  (Poultry  Judging) 10 

Demonstration  Farms 32 

Counties  visited 36  : —  

People  served 15,8^46 

The  poultry  work  for  women  was  carried  on  during  the  year  by  Miss 
Annabel  Campbell.  The  method  of  work  was  largely  through  poultry 
clubs,  nineteen  of  which  were  organized  with  a  membership  of  250.  These 
clubs  meet  six  times  during  the  year.  At  these  meetings  the  following 
topics  are  studied  in  season : 

1.  Incubation  and  Brooding. 

2.  Care  of  Flock. 

3.  Sanitation  and  Treatment  of  Diseases. 

4.  Culling  Demonstrations. 

5.  Poultry  House  Construction. 

6.  Poultry  Canning  Demonstrations. 

During  the  year  53  lectures  were  given  and  82  demonstrations  were  held 
with  a  total  attendance  of  1,642. 


WAR  RECORDS  OF  EXTENSION  WORKERS. 

Edward  Glen  Amos,  County  Agent:  Second  Lieutenant,  Regiment  62 
Field  Artillery,  1st  Battalion,  Battery  C.    Period  of  service,  one  year. 

William  A.  Anderson,  County  Club  Leader:  Private,  Regiment  128,  Bat- 
talion 1st,  Company  C.    Period  of  service,  twenty-one  months. 

Earl  N.  Bangs,  Assistant  County  Agent:  Private,  Company  C,  S.  A.  T.  C, 
Michigan  Agricultural  College.    Period  of  service,  three  months. 

Frank  C.  Brown,  County  Club  Leader:  Private,  Sector  16th,  Battery 
63,  Anti-Aircraft  Division.    Period  of  service,  three  months. 

John  H,  Carmody,  Extension  Horticulturist:  QuaUfied  for  Second  Lieu- 
tenant, Q.  M.  Corps,  BattaUon  310  San.  Train,  340  Amb.  Company. 
Period  of  service,  twenty  months. 

Clarence  D.  Cook,  Assistant  Specialist  in  Live  Stock:  Sergeant,  310  Supply 
Train,  Company  D  (Motor  Truck).    Period  of  service,  nineteen  months. 

Frank  A.  Davis,  County  Club  Leader:  Private  Regiment  15,  Battalion  V, 
Company  184,    Period  of  service,  eight  months. 
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Oeorge  D.  Gilbert,  County  Club  Leader:  Private,  Central  OflBicers'  Train- 
ing Camp,  Battalion  5,  Company  25.    Period  of  service,  ten  months. 

Louts  H.  Gretton,  Specialist  in  Farm  Crops:  Chief  Gunner's  Mate,  U.  S. 
Naval  Proving  Ground.    Period  of  service,  seven  months. 

Wm.  H.  Kennedy,  County  Agent:  Private,  A.  &  M.  Training  Detach- 
ment, Co.  B,  College  Station,  Texas.    Period  of  service,  six  months. 

Carl  Knopf y  County  Agent:  1st  Lieut.,  F.  A.,  R.  C,  42nd  Class,  School 
of  Fire,  Fort  Sill.    Period  of  service,  one  year. 

Edmund  C,  Mandenburg,  Extension  Specialist  in  Forestry:  Duty  Ser- 
geant, 330th  Field  Artillery,  First  Battalion,  Battery  A.  Period  of 
service,  six  months. 

Don  A.  Meeker,  County  Agent:  Private,  Battalion  4th,  C.  M.  G.  O.  T.  S., 
Comjpany  15.    Period  of  service,  two  months. 

Lavfrence  W.  Miller,  County  Club  Leader:  Officer  Candidate  Private, 
Company  4th  Co.  C.  A.  C,  Ft.  Howard,  Md.  Period  of  service,  four 
months. 

Ellsworth  B.  More,  County  Agent:  Seaman,  2nd  Class,  Regiment  22nd, 
Battalion  Ist,  Company  C.    Period  of  service,  five  months. 

Henry  C.  Moore,  Specialist  in  Potatoes  and  Vegetables:  2nd  Lieut.,  U.  S. 
F.  A.,  32nd  A.  C.  Artillery,  Battalion  2nd.  Period  of  service,  seventeen 
months. 

Leonard  G,  Morse,  County  Club  Leader:  Corporal,  Company  B,  S.  A.  T.  C. 
Period  of  service,  six  months. 

William  Murphy,  Extension  Specialist  in  Farrjfi  Crops:  Private,  Regiment 
11th,  U.  S.  M.  C,  Second  Battalion,  Co.  H.  Began  service,  July  7,  '18. 
Still  in  service,  June  30,  '19. 

F.  F.  Musselman,  County  Club  Leader:  Private  158  Depot  Brigade,  4th 
Training  Battalion,  Company  16.    Period  of  service,  five  months. 

Cecil  P.  Pressley,  County  Club  Leader:  Sergeant,  Repment  47,  Battalion 
2nd,  Company  G.  Began  service,  April  29,  1918.  Still  in  service,  June 
30,  '19. 

C.  J.  Seidel,  Assistant  County  Agent:2nd  Lieut.  C.  A.  O.  R.  C.  Period  of 
service,  five  months. 

Russell  S.  Simmons,  County  Club  Leader:  Sergeant  Major,  Coast  Artillery 
Period  of  service,  ten  months. 

Chester  A.  Spaulding,  Assistant  Leader  Boys'  and  Girls'  Clubs:  Chief 
Quartermaster  (Aviation)  U.  S.  N.  R,  P.  C.  Period  of  service,  four 
monthsl 

Glenn  O.  Stewart,  County  Club  Leader:  Officers'  Training  School,  Ft.  Mon- 
roe, Va.    Period  of  service,  four  months. 

RusseU  W  Tanner,  County  Agent:  Captain  ^nf..  Regiment  84th  Div. — 
Att.  334-Purdue  Univ.  Tr.  Det.,  Pratt  Inst.  S.  A.  T.  C  Period  of  service 
sixteen  months. 

Ralph  W.  Tenny,  County  Club  Leader:  Corporal,  214th  Field  Sig.  Bat- 
talion, Company  A.   Period  of  service,  seven  months. 

Reuben  Edwin  Trippensee^  County  Club  Leader:  Private,  Signal  Corps, 
Buiaer  School,  Company  4th.    Period  of  service,  three  months. 

FranktL.  True,  County  iiyefU:^Sergeant,  Regim^tit,  Motor  Transport 
Corps,    Feriod  of  service^^nine  months. 

Jolm  Krwmmin^  C<nm^  Clvb  Lm$d$r. 
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R.  E,  Cheney,  County  Club  Leader. 

John  M.  Kuder,  County  Club  Leader. 

Floyd  Smith,  County  Club  Leader. 

Margaret  Justin,  Asst.  Leader  of  Home  Demonstration  Agents:  Ried 
Cross. 

E.  C.  Lindeman,  State  Leader,  Boys*  and  GirW  Clubs:  War  Camp  Com- 
munity Service. 

REPORT  OF  FARM  BUREAU  AND  COUNTY  AGRICULTURAL 
AGENT  WORK  IN  MICHIGAN  FOR  THE  YEAR  ENDING 

JUNE  30,  '19. 

BY  EBEN  MUMFORD,  STATE  LEADER. 

The  Farm  Bureau  movement,  like  the  work  of  many  other  organizations, 
was  greatly  accelerated  by  the  war.  The  interest  of  the  people  in  larger 
and  more  economical  production,  in  more  efficient  distribution  and  in 
greater  conservation  of  food  products,  was  much  intensified.  The  move- 
ment toward  organized  efiforts  for  the  solution  of  agricultural  problems 
was  also  greatly  stimulated.  Within  about  one  year  after  the  United 
States  entered  the  war,  forty-four  coimties  organized  farm  bureaus  and 
forty-one  agents  and  seven  assistants  were  employed  as  leaders  of  the 
work,  making  a  total  of  sixty-eight  coimties  having  farm  bureaus  and 'em- 
ploying agricultural  agents. 

The  program  of  work  of  the  farm  bureau  during  the  war  was  based 
primarily  upon  food  needs  and  the  time  of  the  county  agricultural  agents, 
as  the  representatives  of  the  nation,  the  state,  the  county  and  the  various 
commimities  was  largely  devoted  to  assisting  in  carrying  out  this  program. 

In  addition  to  war  work  done  as  agents  of  farm  bureaus,  the  county 
agent  was  also  recognized  by  the  other  war  agencies  as  one  of  the  county 
leaders  in  collecting  and  disseminating  information  in  regard  to  war 
activities  and  in  planning  and  executing  plans  relative  to  the  war  pro- 
grams. The  coimty  agent  cooperated  in  making  food  and  labor  surveys 
and  carrying  out  the  plans  of  the  Food  Qdministration,  the  Federal  Labor 
Bureau  the  Local  and  District  Draft  Boards  and  the  Boys'  Working  Re- 
serve. They  assisted  the  Department  of  Agriculture  in  the  distribution 
of  nitrates,  the  Food  Administration  in  the  inspection  of  threshing  ma- 
chines and  the  State  War  Board  in  the  distribution  of  tractors;  they  also 
helped  in  Liberty  Loan,  Red  Cross  and  War  Savings  Stamp  Campaigns. 

As  the  work  of  the  county  agents  centered  aroimd  war  activities  during 
the  period  of  the  war,  so  with  the  close  of  the  war  their  time  and  attention 
is  being  taken  to  a  large  degree  by  reconstruction  activities  as  related  to 
agriculture.  The  agricultural  needs  and  opportunities  following  the  war 
are  many,  and  are  potent  forces  in  shaping  the  poUcies  and  programs  of 
the  farm  bureaus.  Habits  of  team  work  started  by  the  demands  of  the 
war  are  continuing  in  the  reconstruction  period  and  the  spirit  of  coopera- 
tion intensified  by  the  war  is  being  carried  into  the  efforts  to  solve  the 
problems  that  now  have  to  be  met. 

In  the  chronological  statement  of  the  development  of  the  farm  bureau 
work  as  given  below,  the  rapid  growth  after  the  United  States  entered 
the  war  is  apparent;  this  statement  of  the  development  of  the  work  also 
givesKthe  coimties  harmg  farm  bmreaus  and  the  list  of  agept9  who  have 
peen,^or  are  now  employed  in  the  different  counties. 
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CHRONOLOGICAL  STATEMENT  OF  THE  DEVELOPMENT  OF  COUNTY  AGRICULTURAL  AGENT  WORK. 


County. 


Agricultural  Agent. 


Date  of 
Beginning. 


Addras. 


Alpena.. 


Iron.. 
Kent. 


Kalamasoo. 
Allegan.... 

St.  Clair.... 


foanoh.... 

Saginaw... 
Houghton . 


Newaygo.. 
Gogebie.. 

Weiford.. 


St.  XMeph . . 
Mut)uette.. 
Diokinaon.. 
Lenawee... 
Ontonagon. 

Cheboygan. 
Ottawa 


Muakcgon. 
VanBuren. 
Berrien 


Manistee. 


Menominee.. 

chooloraft.. 
Miaaukee. . . 

Prcsquelsle.. 

DelU 

Wayne 

Chippewa . . . 
Oceana 

Tuaooia 

Alger 

Barry 

Bay 


Clare 

Grand  Traverse. 
Jackson 


Luce... 

Osceola 
Shiai 


H.G.Smith 

David  Woodman. 
Frank  L.  True. . . . 
C.O.T.ScheeU.. 


R.  G.  Hooptngamer. 

DwightC.L(mg 

J.H.Skinner 

H.G.Smith 

R.G.Carr 


Jason  Woodman., 

C.B.Cook 

Alfred  Bentall.... 
L.V.CrandaIl..., 
Clark  L.Brody... 


J.W.Chapm., 


C.L.] 

Earl  P.  Robinson. 

JesseStutsman. .. 

L.M.Geismar... 


H.B.Blandford. 
Simon  Ha^ema. 
J.F.Kadonsky.. 

J.  F.  Zimmer 

G.E.  Piper 

Clark  D.Mason. 


J.M.Wendt.. 
L.R.  Walker.. 
C.V.Ballard.. 
C.  L.  Coffeen . . 
R.G.Carr.... 


C.H.  Knopf 

LB.McMurtry. 
D.  L.  Hagerman. . 

R.V.Tanner 

W.J.Cook 


R.L.01<fe.... 
T.A.Farrand. 
W.C.Eckard. 
H.J.Luridns. . 


Frank  Sand  hammer. 
C.H.  Knopp 


E.B.Hill 

E.G.Arooi 

E.G.Amoi 

Geo.F.Kinsting.. 
H.L.Bamum 


C.M.Kidman. 
B.P.Pattison.. 

O.I.Gregg 

E.L.Kimae... 
B.F.  Beach... 


Alex.MacVittie... 

A.  L.  Olson 

R.  G.  Brumm 

R.  V.  Tanner 

R.D.Harrison,  Jr.. 


W.H.Kennedy.. 

M.A.Cobb 

M.E.  Duckies... 
Robert  A.  Wiley.. 

E.C.Fowler 

J.  Vernon  Sheap.. 


M.  A.  Leach... 
R.H.  Cameron.. 

C.L.Rose 

D.  A.  Meeker... 
H.E.Denniion.. 


July  1.  1912 

Mar.  20.  1916 

Jan.  1.  1918 

Mar.  1.  1919 

Sept.  1.  t912 
April.  16.  1918 
Sept.  16.  1912 
Jan.  1,  1916 
Jan.     16.  1919 

Nov.     1.  1912 

March  1.  1913 

April  20.  1916 

March  1.  1913 

April     1.  1916 

April     1.1913 
July      1,  1916 
April     1.  1913 
Sept.  20.  1917 
June     1.  1918 

June  10.  1913 

Oct.  22,  1917 

July,  1.  1914 

Oct.  1.  1914 

Jan.  10,  1917 

Jan.  7,  1918 

Dee.  15.  1914 

July  1,  1915 

July  1.  1915 

Aug.  23.  1915 

Oct.  10,  1916 

Dee.  1.  1915 

Jan.  22.  1918 

Jan.  1..1916 

Feb.  16.  1916 

Aug.  20.  1917 

March  1.  1916 

March  1,  1916 

March  1.  1918 

May     1,  1916 


July 
Jan. 


1.  1916 
16,  1916 


July  1.  1916 

Feb.  16.  1919 

July  il.  1916 

April  1,  1918 

NUreh  6.  1917 

April  20.  1917 

May  15.  1917 

June  1.  1917 

June  11.  1917 

Aug.  15.  1917 

Aug.  25.  1917 

Nov.  1.  1917 

Nov.  1.  1917 

Jan.  11.  1919 

Nov.  1,  1917 

Nov.  1,1917 

Aug.  15.  1918 

Nov.  1.  1917 

Feb.  15.  1919 

Nov.  1,  1917 

Jan.  15.  1918 

Nov.  1,  1917 

July,  1.  1918 

Nov.  1,  1917 

Deo.  10.  1917 

April  16,  1919 


Alpena. 

ICrysUl  Falls. 
Grand  Rapids. 


>Coldwater. 


jSagi 


Sa^naw. 
Houghton. 

Fremont. 
!ronwood. 

Cadillac. 


Centreville. 
Marouette. 
Iron  Mountain. 
Adrian. 
Ontcmagon. 


jcheboyi 


oygan. 
Grand  Haven, 
jscotttville. 

Muskegon. 
|p*wP*w. 
Benton  Harbor. 

I  Manistee 

>  Menominee. 

JManistique. 
Lake  City. 

Onawav. 
Escanaba. 
Dearborn. 
SaultSte.  Marie. 
Hart. 

Caro. 
Munising. 

[Hastings. 

Bay  City. 

|ciare. 

[Traverse  City. 
[jacks(Hi. 


[Newberry. 

Evart. 
Corunna. 

OWOHO. 
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County. 


AcriTultuiml  Agent 


D»t«or 
Beguming. 


Addrm. 


Antrim... 
CalbouD.. 


Cms 

Emmet 

G«netee 

Kalkaska 

Ro0common  k,  Crawford . . 


Gladwin.... 
Ingbam . . . . 
Charleroix. . 


Washtenaw. 

Baiaga 

LiTingston.. 

Onkland 

Midland 


Monroe 

Meeoeto 

Oteego  and  Montmoreney . 
Eaton 


loeco 

Montealm 

Inbella 

Clinton 

Leelanau  and  Benaie. . 


Maoomb 

Benaie 

Montmorency. . 

Otaego 

Ogemaw 


W.C.Cribbi 

E.B.  More 

H.G.  Clothier 

E.B.  More 

Panic.  Jamiceon.. 

David  Woodman.. 
Keats  K.Vining... 
Sidney  S.Smith... 

E.E.Twing 

Wm.  F.Johnston.. 

Allen  B.Schliohter 

C.B.Atwater 

Frank  Seeley 

C.F.Smith, 

C.W.Wing 

H.  8.  Osier 

Irving  Kinthman . .. 
Freds.  Dunks... 

C.B.Cook 

W.  T.  Bandeen... 

L.T.  Bishop 

Ralph  Carr 

PlaulH.  Smith.... 
LaureneeR.  Qneal. 
T.  A.  Farrand 

C.P.Milham 

Gifford  Platoh,  Jr. 

H.  D.  Corbus 

P.P.  Pope 

Robert  A.  Wiley.. 

H.V.Kittle 

J.L.Kraker 

Howard  Hindes . . . 
ArthurC.  Lytle... 
W.  E.  McCarthy. . 


Jan.  1.  1918 
Jan.  1.  1018 
Nov.  1.  1018 
March  16  1010 
April   16.  1010 


Jan. 
Jan. 
Jan. 
Jan. 
Jan. 


1.  1018 

1.  1018 

1.  1018 

1.  1018 

1.  1018 


Feb.  1.  1018 

April  22.  1018 

Feb.  1.  1918 

Feb.  15.  1018 

April  16.  1010 

Feb.  18.  1018 
March  1.  1018 
March  1.  1918 
March  1.  1918 
Marchll.  1018 

Marchl6.  1018 
Marchl6.  1918 
April  1.  1918 
April  1.  1918 
April    9.  1918 

April  9.  1918 
April  16.  1918 
April  19»  1918 
April  ao,  1918 
April  22.  1918 

June    15.  1918 

Jan.    21.  1919 

March  1.  1919 

May     1.  1919 

June    16.  1919 


Bellaire. 
Marshall. 


CasBopolis. 

Petoskcy. 

Flint. 

Kalkaska. 

Roscommon*, 


Qladwin. 


JBoyneCity. 

Ann  Arbor. 

rAnse. 

Howell. 

Pontine. 

Midland. 


Monroe. 
Big! 
Gayla 
Charlotte. 

TawasCity. 
Greenville. 
Mount  Pleasant. 
St.  Johns. 
Empire. 

Mount  Clemens. 
Beulah. 
Atlanta. 
Osylord. 
West  Branch. 


ASSISTANT  COUNTY  AGENTS. 


OtUwa I 

All««Mi 

VanBuren 


W.F.VanBuskirk 
D.L.  McMillan.., 
B.  0.  Hagennaa . . . 

C.L.  Burton 

W.C.Eckard 

EarlN.Bangs 


May 

Deo. 


1.  1917 

18.  1917 

Jan.  23.  1918 

Nov.  12,  1917 

Jan.   1.  1918 

June  16.  1918 


h 


Irand  Haven. 


AUepui. 
}Pfcw  Pfcw. 


COOPERATION   OF   COUNTIES   IN   FINANCING   FARM   BUREAU   WORK. 

The  financial  support  given  the  farm  bureau  movement  by  the  Boards 
of  Supervisors  of  the  counties  is  one  of  the  best  evidences  of  the  increasing 
interest  of  the  people  in  the  work  and  of  their  appreciation  of  its  value. 
Not  only  were  the  appropriations  increased  this  year  at  the  October  and 
January  sessions  of  the  Boards  of  Supervisors  in  counties  that  have  had 
the  work  long  enough  to  realize  its  value,  but  also  in  the  war-emergency 
counties  where  the  appropriation  of  Federal  funds  have  recently  been  re- 
duced because  of  the  discontinuance  of  the  Food  Production  Bill,  the 
Boards  of  Supervisors  have  increased  their  appropriations  to  take  care  of 
the  deficit  made  by  the  reduction  in  Federal  funds.  In  addition  to  the 
funds  appropriated  by  the  Supervisors,  there  has  been  a  considerable 
addition  to  the  county  budget  by  the  increase  in  the  farm  bureau  mem- 
bership. 
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DEVELOPMENT    OF   THE    FARM    BUREAU   PROGRAM   AND    ORGANIZATION. 

This  year  has  been  particularly  fruitful  in  the  advancement  made 
in  the  formation  by  the  farm  bureaus  of  coimty  and  commimity  agricul- 
tural policies  and  programs  and  an  organization  for  putting  these  pro- 
grams and  policies  into  effect.  In  nearly  all  of  tHe  counties  there  is  now 
a  well  defined  program  of  work  formulated  by  the  people.  In  putting  this 
program  into  effect  there  are  three  types  of  committees  selected  by  the 
people;  this  form  of  organization  is  now  in  general  use  and  is  regarded  as 
fundamental  to  the  more  highly  developed  or  special  types  of  farm  bureau 
organization.  These  committees  are  as  follows :  (a)  The  County  Execu- 
tive Committee  or  Board  of  Directors;  (b)  The  Community  Committees; 
and  (c)  The  County  Project  Committees. 

County  Executive  Committees  or  County  Boards  of  Directors  are  now 
found  in  practically  all  of  the  counties  having  agents,  and  in  most  of  the 
counties  these  committees  are  well  organized,  each  member  being  selected 
to  lead  a  definite  project  of  the  county  program.  The  coimty  program  is 
made  by  the  members  of  the  Farm  Bureau  at  the  annual  meeting  or  at 
special  meetings  and  committeemen  are  selected  on  the  basis  of  their  in- 
terest, experience  and  ability  to  act  as  leaders  of  projects.  On  this  com- 
mittee are  usually  represented  the  interests  of  the  men,  women,  boys  and 
girls,  thus  making  it  possible  to  have  a  unified  program  and  to  coordinate 
all  activities  through  the  Farm  Bureau. 

The  community  is  the  fimdamental  unit  of  the  farm  bureau  organi- 
zation and  program,  and  special  effort  is  being  made  to  have  each  com- 
munity adopt  a  program  and  select  a  committee  to  direct  the  work  of 
the  program.  Encouraging  progress  has  been  made  in  this  type  of  com- 
munity? activity;  programs  have  been  formed  and  committees  selected  in 
570  communities.  This  kind  of  community  effort  is  resulting  in  greater  in- 
terest and  in  more  active  participation  on  the  part  of  the  people  in  farm 
bureau  work,  and  is  making  possible  a  much  larger  degree  of  service. 

Through  this  type  of  organization  county  project  committees  are 
automatically  .created;  the  leader  of  a  project  on  the  County  Executive 
Committee  becomes  chairman  of  the  county  project  committee  and 
his  associates  are  the  community  committeemen  from  the  communities 
that  have  adopted  that  particular  project.  In  counties  where  county 
project  committees  have  met,  outlined  their  project  and  provided  methods 
for  carrying  out  the  details  of  the  project,  good  results  have  been  secured. 
Experience  has  shown  that  this  is  a  very  good  method  of  doing  effective 
project  work  on  a  county-wide  basis  and  that  the  work  of  such  a  committee 
provides  an  excellent  foundation  for  a  special  agricultural  association  to 
extend  the  work  of  the  project.  The  county  project  committees  cooperat- 
ing with  the  County  Executive  Committee  provide  the  machinery  for 
unifying  all  the  activities  of  the  Farm  Bureau  and  for  developing  better 
methods  of  work,  based  upon  the  coimty-wide  experience. 

The  value  of  the  farm  bureau 'type  of  organization  has  been  demon- 
trated  in  many  ways  this  year.  It  discovers  and  develops  the  leadership 
of  the  people  themselves;  creates  a  much  greater  interest  in  the  work;  gives 
a  larger  degree  of  service  to  more  people;  coordinates  and  imifies  the  agri- 
pultural  activities  of  the  county  and  of  each  community  of  the  county, 
the  Agricultural  College  and  the  United  States  Department  of  Agriculture; 
givpp  llip  ^gen^  ^  cftref UII7  selectpd  ^nd  ^iter^pt^d  Bo^rd  of  p^reptors  ^n4 
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makes  him  in  reality  what  the  name  implies,  the  agent  of  the  people  and 
of  their  program  of  work.  With  this  kind  of  support,  the  service  which 
the  agent  can  render  is  greater  and  more  satisfactory  both  to  the  people 
and  to  himself.  It  makes  the  organization  and  the  activities  of  the  people 
themselves  essential  factors  in  the  plan  and  in  the  advancement  of  the 
farm  bureau.  The  extent  of  the  organization  in  the  different  counties 
and  communities  so  far  as  it  can  be  stated  statistically  is  indicated  by  the 
following  table: 
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FARM    BUREAU    ORGANIZATION    DATA,    MAY    1,    1919. 


County. 

H 

i 

l-^' 

Aker* 

15 
32 
11 
15 
11 
25 
14 
16 

9 
15 
25 
30 
12 
26 
28 
16 

8 
10 
15 
30 
16 
18 
16 

0 
15 
16 
15 
•12 
18 
20 
16 
15 

8 
37 
15 
30 
16 

6 
20 
17 
24 
18 
12 
33 
25 
15 
24 
10 
20 
26 
30 
23 

8 

20 
20 
3» 
12 
10 
28 
15 
16 
11 
18 
15 
35 
25 
20 
18 

12 
17 
0 
13 
0 
0 

Alfemn* 

275 
500 
430 
0 
150 

1  00 

Mrmtk* 

1  00 

Antrim* 

.50 

Bann :. 

0 

Btt^ 

1.00 

B^y^:::::::::::::::::,,:,::. ::.:;.::.:::::::..:::::::.:.:.::.: 

1.00 

Dmi^a* 

16 

^     .J 

1  00 

Berrien '. 

Branch* 

1.00 

Cdboun* 

200 

1  00 

Cm^ 

Charlevoix* 

300 
100 

1  00 

Chfkoygan*. 

10 
28 
9 
4 

1.00 

Chippewm*.^ 

Clinton..* 

300 
72 

2.00 

Crawford* 

1.00 

Delto 

ninlrinimn* 

7 

20 
16 
12 
14 

Ektoo* 

300 

1  00 

lilinmet* 

1.00 

OWMJWW* 

500 
200 

1  00 

Gladwin* 

1.00 

Gogebie 

Grand  Travenie^ 

8 

300 

25 

Houghton 

Tngh^m* 

1  00 

loSr.::::::::::::::::::::::::::.:;;::::::::::;;:;:;. :::.:;::::..:: 

3 
1 

60 

.50 

Iron* 

Isabella* 

800 

2.00 

Jaekaon* 

12 

8 
24 
10 
17 

3 

1.00 

Rftllnffln* 

50 
450 
394 

50 

Kfnt* 

1  00 

LapSn* 

1  00 

Lnawee* 

2.00 

Tivingirton* 

35 

1  00 

Luee 

Maoomb* 

5 
14 

\l 

5 

200 
725 

1  00 

Ml|ni|tf4»        :        .    ,        .           , 

50 

Marquette.... ...  .  .  .".  

SSSn*     

75 

1  00 

MeooeU* 

1.00 

25 

Miwaukee* 

19 
8 
12 
6 
4 
11 
30 
23 

1.00 

Monroe* 

280 
350 
150 

1  00 

2  00 

50 

Muskegon 

1  00 

Newa]^ 

i58 
400 
500 
800 

1  00 

Oakland* 

1  00 

Ot»mnf,*    

1  00 

npm^^ 

2  00 

Oaoeola* 

Otsego* 

iio 

Ottawa* 

25 
12 
2 
2 
10 
1 

90 
325 

20 
225 

1  00 

IVeiQuelBle* 

1  00 

1  00 

Baginftw* 

1  00 

StTClair* 

1  00 

St.  Joseph* 

Schoolcraft* 

1  00 

Shiawaseee* 

7 
8 
4 
6 
8 
3 

375 

800 

40 

50 

311 

70 

1  00 

Tuscola* 

1  00 

VanBureo* 

1  00 

Washtenaw* 

.50 

Wayne* .-. 

1  00 

Wexford* 

1  .0 

(*)  Indicates  County  Extensiim  Committee  organised  and  projects  assigned  to  each  monber. 
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^ARM  BUREAU  ORGANIZATION  DATA,  MAY  1,   1919 

In  the  development  of  the  farm  bureau  program  and  organization,  the 
district  conferences  of  farm   bureau  officers  or  other  representatives, 
and  the  county  agents  have  been  important  factors.    The  following  con- 
ferences have -been  held: 
Marketing: 

a.  Kalamazoo,  July  23,  1918. 

b.  Howell,  August  13,  1918. 

c.  Saginaw,  August  14,  1918. 

Program  of  Work  and  Study  of  Experiment  Station  Results: 

a.     Chatham,  August  8,  1918. 
The  County  Executive  Committee,  and  the  Farm  Bureau  Program 
of  Work  for  1919: 

a.  Cadillac,  November  25,  26,  27,  1918. 

b.  Jackson,  December  16  and  17,  1918. 
State  Farm  Bureau  Organization: 

a.     Michigan  Agricultural  College,  February  6  and  7,  1919. 
Methods  of  carrying  out  projects  for  definite  results,  and  relation  of 
Farm  Bureau  to  special  agricultural  associations: 

a.  Petoskey,  March  7,  1919. 

b.  Big  Rapids,  March  11  and  12,  1919. 

c.  Kalamazoo,  March  13,  1919. 

d.  Saginaw,  March  18,  1919. 

e.  Michigan  Agricultural  College,  March  20  and  21,  1919. 

The  Community  Organization  and  Program;  also  plans  for  grass- 
hopper control.    (For  agents  of  Upper  Peninsula  and  northern  district  of 
Lower  Peninsula.): 

a.     Kalkaska,  May  6  and  7,  1919. 

The  Community  Orgj^nization  and  Program: 

a.  Grand  Rapids,  May  8,  1919. 

b.  Flint,  May  13,  1919. 

As  will  be  seen  from  the  subjects  discussed  at  the  above  conferences, 
the  time  was  given  largely  to  questions  of  the  farm  bureau  program  and 
organization.  In  addition  to  these  questions,  the  marketing,  potato, 
pedigreed  seed,  farm  management,  grasshopper,  and  sheep  projects  have 
been  given  special  attention.  A  new  feature  of  these  conferences  has  been 
the  attendance  of  farm  bureau  officers  or  other  representatives  from  the 
County  Farm  Bureau.  These  representatives  have  taken  an  active  part 
in  the  discussion  and  the  conferences  have  been  of  much  greater  value 
because  of  their  participation.      • 

SPECIAL    AGRICULTURAL    ASSOCIATIONS. 

The  Farm  Bureau  is  proving  to  be  the  central  agricultural  organi- 
zation of  the  county  through  which  interest  in  special  agricultural  projects 
is  discovered  or  developed.  In  the  beginning  this  interest  may  be  entirely 
unorganized,  but  through  farm  visits  by  the  agent,  demonstrations  or 
county  or  community  meetings  of  the  people  it  becomes  represented  on 
the  county  program  or  on  community  programs  by  committees;  plans  for 
the  development  of  the  project  are  then  outUnedi  and  with  the  growth  of 


Digitized  by 


Google 


210  STATIC  BOARD  OF  AQRICULTURSl 

activities  connected  with  it,  a  special  agricultural  association  is  formed. 
It  is  in  this  way  that  the  Farm  Bureau  h^s  assisted  in  the  formation  or 
reorganization  of  the  following  special  organizations  this  year:  70  potato; 
38  farm  loan;  21  pure  seed;  18  threshermen's;  17  milk  producers';  6  bee- 
keepers'; 24  livestock  shipping;  107  marketing;  12  cow^  testing  and  39 
community  breeders'  associations. 

For  the  greatest  degree  of  success  both  of  the  Farm  Bureau  and  of  the 
special  agricultural  associations,  it  has  been  found  necessary  to  have  the 
work  of  the  Farm  Bureau  and  the  special  associations  closely  coordinated^ 
and  in  several  of  the  counties,  steps  have  been  taken  in  this  direction. 
Most  of  the  problems  of  the  special  associations  are  fundamentally  of^an 
educational  character  and  their  members  are  recognizing  this  and  willingly 
becoming  members  of  the  Farm  Bureau. 

FORMATION  OF  THE  STATE  FARM  BUREAU. 

Another  step  in  the  federation  of  associated  efforts  in  agricultural 
development  was  the  formation  of  the  Michigan  Farm  Biureau  in  February. 
This  organization  is  composed  of  counties  having  Farm  Bureaus  cooperat- 
ing with  the  Michigan  Agricultural  College  and  the  United  States  Depart- 
ment of  Agriculture.  It  has  adopted  a  State  program  and  has  elected 
a  head  for  each  department  of  the  program;  each  department  head  selects 
two  associates  and  the  departmental  committee  formed  in  this  way  outlines 
the  departmental  project  and  cooperates  with  the  project  committees  of 
the  County  Farm  Bureaus  in  developing  such  projects  as  have  a  territorial 
application  larger  than  the  coxmty.  State  Farm  Biureaus  have  been  formed 
in  fifteen  states  and  steps  have  been  taken  to  organize  a  National  Farm  Bu- 
reau in  November. 

THE  USE  OF  DEMONSTRATIONS  AS  A  METHOD  OF  FARM  BUREAU  WORK. 

The  use  of  the  demonstration  on  the  farmer's  own  farm  has  always 
been  a  leading  method  of  Farm  Bureau  work.  Experience  has  proved 
the  value  of  this  method,  based  as  it  is  upon  soxmd  pedagogical  and 
psychological  principles.  The  principle  of  learning  to  do  by  doing  is 
used  under  conditions  which  the  farmers  them^ielves  Imve  to  meet  and  their 
attention  and  interest  is  secured  not  only  by  listening,  but  also  by  see- 
ing and  doing.  The  reports  for  the  last  calendar  year  show  that  6,297 
demonstrations  were  conducted,  that  there  was  an  attendance  of  39,236 
at  demonstration  meetings  and  that  the  profit  resulting  from  the  work  in 
37  counties,  on  demonstration  imits  alone,  was  1366,710  or  considerable 
more  than  the  total  cost  of  the  work. 

STANDARDIZATION  f^ROJBCT. 

Among  the  outstanding  results  of  the  work  in  Michigan  the  standardiza- 
tion project  and  the  projects  associated  with  it  deserve  special  mention. 
This  applies  both  to  work  in  relation  to  crops  and  live  stock. 

A.     Crop  Standardization: 

The  standardization  work  on  crops  has  been  made  possible  by  the 
variety  tests  based  upon  the  work  in  plant  breeding  of  the  Experiment 
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Station  and  the  cooperation  of  the  Department  of  Farm  Crops.  The  history 
of  this  work  has  been  given  in  previous  reports  and  it  is  only  necessary 
to  note  here  some  of  the  important  features  of  this  year's  activity. 

Rye:  Rosen  Rye  easily  ranks  first  in  extent  of  grain  standardiza- 
tion. In  many  counties  it  has  become  the  principal  variety  and  the 
chief  problem  now  is  one  of  maintaining  a  larger  degree  of  purity  of  the 
variety.  All  of  the  agents  have  had  success  with  Rosen  Rye  demonstra- 
tions and  their  reports  show  that  an  estimated  increase  of  five  bushels  per 
acre  of  Rosen  over  common  rye  is  very  conservative.  On  this  basis  the  in- 
creased yield  due  to  the  Rosen  rye  project  in  the  State  this  year  is  more 
than  1,000,000  bushels. 

Wheat:  The  value  of  standardization  as  applied  to  wheat  has  also 
been  demonstrated  largely  through  the  merits  of  Red  Rock.  While  unfav- 
orable weather  conditions  seriously  injured  the  crop  of  1918,  yet  in  several 
counties  this  variety  proved  its  superiority  and  a  large  acreage  was  again 
sown.  The  most  important  fact  in  this  relation  is  the  increasing  interest 
of  the  farmers  in  better  varieties  and  in  the  value  of  standardization  of 
those  varieties  when  once  thoroughly  tested  and  found  superior. 

Oats:  Variety  test  of  oats  have  been  made  imder  the  direction  of  nearly 
all  the  agents  with  the  result  of  a  growing  interest  in  the  pedigreed  strains 
that  have  been  developed  by  the  Experiment  Station.  The  demonstrations 
in  practically  all  cases  have  shown  the  superiority  of  the  pedigreed  varieties 
and  the  acreage,  of  these  demonstrations,  has  been  greatly  increased. 

Corn:  The  extremely  serious  seed  com  situation  of  last  year  resulted 
in  a  much  greater  interest  on  the  part  of  the  corn  growers  in  finding 
the  variety  best  adapted  to  local  conditions.  The  more  than  100  cars 
of  com  imported  into  the  State  for  seed  did  much  toward  saving  the 
situation  so  far  as  seed  was  concemed,  but  the  fact  that  it  failed  to  ma- 
ture in  so  many  instances,  even  with  a  favorable  fall,  fixed  the  attention 
of  the  farmers  as  nothing  else  could  have  done,  on  the  value  of  variety. 
Accordingly,  the  variety  tests  conducted  by  the  agents  this  year  have  had 
much  attention  and  the  foimdation  has  been  laid  for  excellent  work  in  corn 
variety  standardization  based  on  local  needs. 

Potatoes:  Among  the  many  valuable  phases  of  the  recent  organized 
movement  of  the  potato  growers,  the  rapidly  growing  interest  in  standard- 
ization of  varieties  is  notable.  The  experience  in  marketing  cooperatively 
brought  to  the  attention  of  the  growers  very  forcibly  the  knowledge 
that  reduced  prices  and  other  important  losses  could  be  directly  attributed 
to  the  fact  that  80%  of  the  cars  shipped  were  of  mixed  varieties.  It  was 
the  learning  of  these  conditions  by  close  touch  with  the  marketing  process 
that  fixed  the  attention  of  nearly  all  members  of  the  potato  marketing 
associations  on  the  Farm  Bureau  program  of  standardization,  and  led  to  the 
adoption  of  the  Rural  Russet  for  the  Southern  Peninsula  and  the  Green 
Mountain  for  the  Northern  Peninsula. 

Barley:  The  seed  com  situation  of  last  year  also  increased  the  grow- 
ing of  barley,  and  here  again  was  noticeable  the  large  number  of  requests 
made  to  the  agents  to  secure  pedigreed  varieties  and  the  degree  of  standard- 
ization of  this  grain  is  probably  second  only  to  that  of  rye. 

Beans:  The  growing  of  beans  shows  the  same  increasing  interest 
everywhere  in  securing  better  varieties,  the  Early  Wonder  and  the 
Robust  being  widely  used  bjr  the  agents  \j\  yariety  test  work. 
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B.     Live  Stock  Standardization: 

The  program  for  standardization  of  breeds  of  live  stock  by  communities, 
counties  or  larger  districts,  is  older  and  better  established  than  that  for 
standardization  of  crops,  but  live  stock  standardization  is  only  in  its 
infancy.  Every  agent  is  working  for  the  elimination  of  scrub  sires  and 
the  substitution  of  pedigreed  sires  and  every  year  several  breeders'  as- 
sociations of  community  or  county  extent  are  formed.  This  year  from 
reports  available  it  is  shown  there  were  introduced  on  the  suggestion  of 
the  agents,  197  registered  bulls,  318  registered  cows,  140  registered  rams 
106  registered  boars,  and  that  268  registered  sires  were  transferred  from  one 
community  to  another.  In  addition  to  the  introduction  of  pure  bred  sires 
which  is  usually  on  the  basis  of  standardization  of  breeds  by  communities 
there  were  formed  39  live  stock  breeders*  associations  whose  purpose  is 
primarily  that  of  standardization, 

SOILS. 

The  soil  project  in  its  different  aspects  has  always  been  a  fundamental 
one  and  the  work  has  been  continued  as  outUned  in  previous  reports. 
It  includes  the  supply  of  humus;  use  of  marl,  lime  and  fertiUzers;  drainage; 
land  clearing;  and  work  with  muck  soils.  On  the  suggestion  of  the  agents, 
as  shown  in  reports  available,  458  crop  rotation  systems  and  103  drainage 
systems  were  planned  and  adopted;  4,763  farmers  reinforced  manure  with 
acid  phosphate  or  ground. rock  phosphate;  4,682  farmers  used  chemical  fer- 
tilizers totaling  8,757  tons.  183  marl  beds  were  located,  and  as  a  result  of 
demonstrations,  the  use  of  marl  and  lime  has  become  so  general  that  it 
is  practically  impossible  to  give  an  adequate  statistical  statement  of  the 
amount  used.  Another  interesting  fact  related  to  soil  demonstrations  is 
the  report  of  12,038  acres  of  clover  and  other  legumes  plowed  under  for 
green  manure  on  suggestion  of  the  agents.  In  several  counties  special 
work,  based  on  results  of  surveys  made  by  the  Department  of  Soils,  is 
being  done  in  cooperation  with  that  department.  This  work  promises  to 
be  of  great  value  to  the  farmer. 

FARM     CROPS. 

Corn:  The  difficulty  of  getting  good  seed  com  last  year  has  had  a 
a  great  influence  on  all  phases  of  the  corn  project  as  well  as  the  question 
of  standardization  discussed  under  that  heading.  Seed  selection  and 
testing  have  always  been  important  Farm  Bureau  projects,  but  the  experi- 
ence of  last  year  has  tended  to  make  both  of  these  activities  much  more 
general.  In  accordance  with  Farm  Bureau  corn  projects,  13,982  farms 
selected  seed,  12,818  tested  for  germination  and  10,297  grew  corn  for  silage. 

Wheat:  The  treatment  of  seed  wheat  for  control  of  smut  has  been  one 
of  the  most  important  wheat  projects  for  this  year.  201  demonstrations 
are  reported.  Special  effort  was  made  to  eUminate  causes  of  damage  from 
the  treatment  such  as  occurred  the  previous  year.  The  wheat  variety 
project  has  been  referred  to  under  standardization.  The  fertilizer  project 
in  relation  to  wheat  has  been  continued,  particularly  the  demonstrations 
in  the  use  of  acid  phosphate. 

Oats:  The  chief  oat  projects  were  variety  tests  referred  to  under 
standardization,  of  which  184  are  reported,  and  smut  control  demonstra- 
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tions  of  which  173  are  reported.  The  treatment  for  control  of  smut  has 
now  become  so  general  in  some  counties  that  it  is  no  longer  made  a  specific 
part  of  the  oat  project. 

Potatoes:  The  potato  project  with  its  various  phases  has  become 
one  of  the  standard  State  projects  and  one  upon  which  much  work  has 
been  done.  37  counties  report  a  total  of  609  potato  demonstrations;  fol- 
io wing  suggestions  of  the  agents,  seed  potatoes  were  treated  for  disease  on 
2,304  farms  and  57,472  acres  were  planted  with  treated  seed.  Green 
sprouting  demonstrations  produced  good  results  in  practically  all  in- 
stances. Both  hill  selection  and  tuber  unit  demonstrations  were  con- 
ducted and  the  interest  in  selection  of  seed  has  greatly  increased.  The 
variety  test  and  standardization  phases  of  the  project  have  been  referred 
to. 

Alfalfa:  Alfalfa  has  been  an  important  Farm  Bureau  project  from  the 
time  county  agent  work  was  started  in  Michigan.  The  alfalfa  cam- 
paigns of  1913  conducted  under  the  direction  of  the  agents  served  to 
attract  state- wide  attention  to  the  value  of  this  legume  although  doubtless 
many  failures  resulted  because  some  of  the  conditions  necessary  to  suc- 
cess were  not  carried  out.  Since  the  campaigns  of  1913  there  has  been  a 
gradual  increase  in  the  interest  in  alfalfa  growing,  due  largely  to  the 
demonstration  work  conducted  imder  the  supervision  of  the  agents.  155 
demonstrations  have  been  reported  this  year  and  doubtless  this  is  con- 
siderable below  the  actual  number.  It  is  in  this  way  that  information  as 
to  the  successful  methods  of  growing  alfalfa  has  been  spread.  The  acre- 
age has  also  been  increased  because  of  the  aid  given  by  the  agents  in  se- 
curing good  seed,  Ume,  marl,  and  inoculation  for  the  farmers. 

Other  legumes:  The  work  on  red  and  alsike  clover  is  always  an  im- 
portant project,  the  reports  showing  that  it  included  16,475  farms,  affect- 
ing about  125,319  acres.  The  soy  bean  project  continues  to  grow,  201 
demonstrations  being  reported,  including  939  acres.  There  were  also  122 
sweet  clover  demonstrations,  or  about  940  acres  and  94  winter  vetch 
demonstrations  including  615  acres. 

FRUITS. 

The  various  fruit  projects  have  always  occupied  much  of  the  attention 
of  the  agents  in  the  fruit  sections  of  the  State  and  again  this  year  have 
had  an  important  place  in  the  Farm  Bureau  programs  of  those  counties. 
The  fact  that  the  fruit  growers  have  had  a  good  State  organization  for 
many  years  and  local  organizations  in  several  counties  has  made  all  Farm 
Bureau  fruit  projects  more  effective;  and  through  their  organizations 
leadership  had  been  developed  and  the  fruit  growers  have  taken  a  very 
active  interest  in  the  Farm  Bureau  project,  which  accounts  for  the  large 
amount  of  Farm  Bureau  work  that  has  been  done  in  horticulture.  The 
work  has  been  continued  this  year  in  much  the  same  way  as  outlined  in 
previous  reports. 

CONTROL  OF  INSECTS  AND   OF  PLANT  DISEASES. 

The  control  of  insects  and  plant  diseases  is  always  a  major  project  in 
every  Farm  Bureau  program.  The  work  done  in  the  control  of  grain 
smuts  has  been  referred  to,  and  every  year  receives  much  attention. 
This  year  all  of  the  agents  have  assisted  in  the  campaign  for  the  eradica- 
tion of  the  high  Bush  Barberry  and  the  purple-leafed  Barberry. 
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Another  project  that  deserves  special  mention  is  the  grasshopper  con- 
trol work.  As  a  result  of  the  very  successful  control  work  done  in  Kalkaska 
county  last  year,  the  visits  of  farmers  in  nearby  counties  to  see  these 
demonstrations,  and  the  explanation  by  the  County  Agent  and  the  De- 
partment of  Entomology  of  the  methods  used,  twelve  counties  in  that 
section  of  the  State  made  appropriations  this  year  for  the  purchase  of 
poison  to  control  grasshoppers.  Methods  of  Farm  Bureau  organization 
for  use  of  the  poison  and  making  the  control  work  thorough,  were  dis- 
cussed at  two  of  the  district  conferences.  These  plans  were  put  into 
effect  and  the  savings  to  the  farmers  of  that  section  of  their  State  have 
reached  several  himdred  thousand  dollars. 

LIVE  STOCK. 

There  are  several  important  live  stock  projects  that  form  a  part  of 
almost  every  Farm  Bureau  program;  among  these  are  the  effort  to  elimin- 
ate scrub  sires  and  substitute  the  best  pedigreed  ones  that  can  be  ob- 
tained; the  organization  of  cow-testing,  live  stock  shipping,  sheep  and 
wool  growing,  and  breeders'  associations;  the  more  economical  purchase 
and  use  of  feeds;  the  control  of  disease  and  the  improvement  of  marketing 
conditipns  and  of  credit  faciUties  for  the  purchase  of  better  Uve  stock. 

In  addition  -to  the  work  referred  to  under  the  live  stock  standardization 
project,  nine  cow-testing  associations  were  formed  and  2,506  cows  tested 
through  such  organizations;  also  1,454  were  tested  by  the  agents  or  at 
their  suggestion,  and  as  a  result  of  the  testing  work  there  were  reported  298 
cows  as  discarded.  Balanced  rations  were  figured  for  503  farmers  and 
adopted  by  them;  637  animals  were  tested  for  tuberculosis  by  the  agents 
or  on  their  suggestion  and  25  treated  for  blackleg;  214  hogs  were  vaccinated 
by  the  agents  and  9,333  by  veterinarians  or  farmers  on  the  suggestion  of 
the  agents  or  as  a  result  of  the  cooperation  of  farm  bureau^  members  in 
carrying  out  this  project.  249  silos  were  secured  and  assTstance  given 
in  planning  bams  and  other  farm  buildings. 

POULTRY. 

A  large  amount  of  work  has  been  done  on  the  poultry  project  in  coopera" 
tion  with  the  Poultry  Department.  More  than  200  culling  demonstrations 
were  reported  for  1918.  They  have  been  the  means  of  eliminating  a  large 
number  of  unprofitable  hens  and  of  greatly  increasing  the  interest  in 
better  poultry.  The  other  poultry  projects  have  been  continued  as  out- 
lined in  last  year's  report. 

FARM   MECHANICS. 

Several  tractor  demonstrations  have  been  conducted  imder  the  auspices 
of  the  Farm  Bureau;  these  have  been  jconducted  on  an  educational  basis 
and  the  large  attendance  even  in  a  very  busy  season  is  evidence  of  the 
value  the  farmers  attach  to  such  demonstrations  and  of  their  interest  in 
knowing  more  about  the  merits  of  this  new  source  of  power.  In  cooperation 
with  the  Department  of  Farm  Mechanics,  assistance  was  given  in  the  in- 
stallation of  133  water  supply  and  sewage  disposal  systems.  The  rapidly 
growing  use  of  machinery  on  farms  and  in  farm  homes  tends  to  increase 
the  amount  of  work  on  projects  in  Farm  Mechanics.  The  assistance  given 
in  planning  buildings  and  other  farm  structures  cdntinues  as  outUned  in 
previo\is  reports* 
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FABM  LABOR. 

Several  of  the  coxinties  report  greater  difficulties  in  securing  farm 
labor  than  ever  before.  The  number  of  applications  made  by  fanners 
for  laborers  for  the  calendar  year  1918  was  5,197  and  the  number  located 
through  the  Farm  Bureaus  was  3,476.  The  number  of  men  applying  for 
work  was  2,921;  women  266.  In  several  instances  the  agents  also  acted  as 
coxmty  directors  of  the  Boys'  Working  Reserve  and  the  reports  show  that 
the  work  of  the  boys,  many  of  whom  were  placed  on  farms,  was  satisfac- 
tory. The  labor  survey  has  been  used  rather  extensively  as  a  guide  to  the 
labor  needs  of  the  farmers  of  the  counties.  The  farm  labor  project  is 
highly  valued  by  the  farmers  and  the  methods  of  handling  it  will  doubtless 
be  developed  and  made  more  efficient. 

FABM  MANAGEMENT. 

The^ann  management  project  is  a  part  of  nearly  every  farm  bureau 
program  and  should  occupy  a  prominent  place  in  such  programs  as  it 
tends  to  give  a  balanced  relationship  to  the  enterprises  of  a  farm  and 
concentrates  attention  upon  the  farm  as  a  unified  business.  The  increasing 
interest  in  the  cost  of  production  studies  is  shown  in  the  number  of  farmers 
using  farm  account  books,  the  reports  showing  that  11,804  books  were 
placed;  322  farm  management  demonstrations  are  also  reported. 

MABKETINO. 

As  stated  in  the  section  on  Farm  Bureau  Program  and  Organization 
the  making  of  a  program  by  the  people  of  the  county  and  of  each  com- 
munity is  a  fundamental  part  of  the  farm  bureau  plan.  In  the  making 
of  this  program  by  the  farmers,  almost  invariably  the  first  project 
mentioned  is  the  need  for  better  methods  of  marketing.  The  interest 
in  finding  successful  methods  of  collective  buying  of  farm  supplies  and 
of  collective  selUng  of  farm  products  is  very  strong  and  in  practically 
eveiy  farm  bureau  program  this  project  occupies  a  leading  place  and  is 
receiving  much  of  the  attention  of  the  farm  bureau  members,  committee- 
men and  county  agents.  In  the  commercial  potato  districts,  the  mar- 
keting project  this  year  was  a  major  one  for  all  the  Farm  Bureaus  and  the 
agents.  They  have  cooperated  with  the  Field  Agent  in  Marketing  and 
with  the  officers  of  the  Michigan  Potato  Growers'  Exchange  in  the  forma- 
tipn  of  70  local  associations.  The  experience  of  these  organizations  in 
selling  potatoes  has  led  to  a  much  greater  interest  in  all  of  the  other 
phases  of  the  Farm  Bureau  potato  project.  The  growers  are  realizing 
as  never  before,  the  need  of  standardization  of  varieties,  of  selection  and 
treatment  of  seed,  of  inspection  for  control  of  disease  and  elimination  of 
foreign  varieties  and  of  all  of  the  other  factors  in  the  potato  project  that 
lead  to  successful  and  economical  production  and  marketing. 

Just  as  the  participation  in  the  marketing  of  potatoes  has  led  to  greater 
interest  in  every  other  step  in  a  successful  potato  business,  so  has  the 
organized  participation  in  the  marketing  of  other  products  led  to  a  realiza^ 
tion  that  success  in  selling  depends  upon  several  factors.  In  other  words, 
the  farm  bureau  program  is  bringing  about  a  realization  of  the  fact  that 
growing  the  product  and  marketing  it  are  not  two  separate  processes,  but 
that  they  are  but  two  phases  of  one  process  and  that  the  greatest  success 
of  either  calls  for  close  inter-dependence  of  both. 
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Some  of  the  other  farm  products  or  farm  suppUes  for  which  the  farm 
bureaus  and  agents  have  assisted  in  forming  cooperative  buying  and  selling 
associations  are  live  stock,  grain,  feed,  fruit,  tile,  wool,  cabbage,  swine, 
and  farm  machinery. 

boys'  and  girls'  clubs. 

As  noted  in  last  year's  report  an  effort  is  being  made  to  build  a  unified 
agricultural  program  in  each  county  through  the  farm  bureau  and  to 
coordinate  the  projects  of  the  boys  and  girls  with  those  of  the  adults.  This 
,is  making  a  much  stronger  program  and  a  better  oVganization.  Most 
of  the  agents  devote  considerable  time  to  Club  Work  and  when  there  is 
no  Country  Club  Leader,  they  assume  the  responsibility  for  the  develop- 
ment of  this  work.  This  year,  they  assisted  in  the  formation  of  782 
clubs  with  a  membership  of  11,484;  they  also  aided  in  carrying  on  the 
different  club  projects. 

The  work  of  the  women  is  also  being  made  an  organic  part  of  the  farm 
bureau  program  and  organization.  The  county  agents  have  recognized 
the  value  of  the  home  demonstration  work  and  have  assisted  in  organizing 
it  and  developing  the  various  projects  connected  with  it.  Experience  in 
building  the  Farm  Bureau  all  points  in  the  one  direction  of  the  need 
of  constructing  a  program  where  the  projects  of  the  men  and  the  women 
are  unified  and  re-enforce  one  another.  Cooperation  is  needed  in  carrying 
on  these  two  phases  of  farm  bureau  work  if  the  largest  degree  of  success 
is  to  be  attained. 

EXHIBITS  AND  FAIRS. 

The  exhibit  is  regarded  as  an  essential  part  of  a  complete  program  of 
farm  bureau  work  and  this  project  has  been  carried  on  much  the  same  as 
outUned  in  previous  reports,  but  with  a  growing  interest  and  participation 
in  it  by  the  people  themselves. 

WINTER  MEETINGS. 

Changes  growing  out  of  farm  bureau  experience  are  being  made  in 
the  character  of  the  winter  meetings.  The  organization  and  work  of 
the  farm  bureau  committees  are  the  chief  factors  in  bringing  about  these 
changes.  The  winter  meeting  is  becoming  the  means  for  considering 
the  data  collected  from  the  various  Farm  Bureau  projects  as  a  basis  for 
the  work  of  the  coming  season.  The  various  committees  that  have  been 
conducting  demonstrations  or  doing  other  work  on  specific  projects  during 
the  year  become  the  nucleus  of  a  new  kind  of  winter  meeting — a  meeting 
of  men  or  women  well  informed  on  the  special  projects  to.  which  they  have 
given  much  attention  and,  therefore,  a  meeting  eager  for  a  discussion  of 
the  more  special  problems  and  diflSculties  connected  with  their  project 
and  not  to  discuss  the  more  elementary  or  general  phases  of  it.  It  is  a 
meeting  primarily  for  planning  another  year's  work  in  the  iight  of  the  ex- 
perience of  the  past;  a  meeting  not  for  entertainment,  but  for  working  out 
better  methods  for  more  highly  specialized  and  eflScient  activity  in  carrying 
on  a  particular  farm  enterprise,  or  the  farm  as  a  business  unit,  or  some  form 
of  cooperative  activity.  Such  a  meeting  calls  for  a  specialist  and  at  such 
a  meeting  the  specialist  finds  one.  of  his  best  opportunities  to  render 
service. 
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WAR  EMERGENCY  WORK. 

As  stated  earlier  in  this  report  the  character  of  the  farm  bureau  work 
undertaken  during  the  past  year  was  very  largely  influenced  by  the  needs 
arising  from  war  time  conditions.  A  few  of  the  results  reported  indicate 
the  scope  of  the  work  accomplished  upon  recommendation  by  the  agents, 
or  through  their  efforts. 

No.  of  farmers  assisted  in  securing  or  locating  seed 28 ,  360 

No.  of  bushels  of  seed  secured  or  located  for  farmers 153 ,235 

No.  of  additional  acres  seeded  as  result  of  special  production 

campaign 173 ,587 

Estimated  total  production  on  additional  acres  in  bushels 2 ,006 ,294 

No.  of  bushels  of  seed  com  saved  for  1919  planting 169 ,454 

No.  of  persons  assisted  with  home  garden  work 7 ,853 

No.  of  applications  for  farm  labor 5 ,  197 

No.  of  persons  applying  for  work 3 ,  176 

No.  of  men  and  boys  placed  oji  farms 3 ,476 

No.  of  farmers  assisted  in  securing  fertilizer 652 

Tons  of  fertilizer  secured . 19 ,382 

No.  of  sheep  placed  on  farms 2 ,454 

Increased  number  of  live  stock  on  farms: 

Cattle 2,220 

Hogs 4,241 

Sheep 6,925 

Poultry 6,198 

Increase  of  acreage  of  farm  crops  due  to  use  of  tractor 12 , 1 10 

RELATION   OF  FARM   BUREAU   WORK  TO  OTHER  PHASES   OF  THE   EXTENSION 

SYSTEM. 

A  main  source  of  strength  of  the  farm  bureau  is  the  recognition  that 
a  well  balanced  agricultural  program  should  take  into  consideration 
the  community,  county,  state,  national  and  international  phases  of  our 
agricultural  problems  and  that  the  machinery  for  carrying  out  this  pro- 
gram should  be  such  as  can  use  the  united  thought  and  effort  of  represen- 
tatives of  all  these  phases  of  the  agricultural  situation.  The  cooperating 
parties  in  farm  bureau  work  in  the  county,  the  Agricultural  College  and 
the  United  States  Department  of  Agriculture,  so  the  farm  bureau  represent- 
ing these  three  factors  is  in  a  position  to  use  the  concerted  efforts  of  these 
parties  in  the  building  and  execution  of  a  program.  .The  county  agent 
is  the  representative  of  these  parties  and  being  permanently  located  in  the 
county  becomes  a  specialist  on  its  needs  and  its  resources  for  meeting 
those  needs.  To  supplement  his  efforts  there  are  the  specialists  of  the 
Agricultural  College  and  the  United  States  Department  of  Agriculture 
and  the  Committeemen  and  other  leaders  and  workers  of  the  farm  bureau. 
The  development  of  the  county  leadership  and  organization  has  been 
described  and  it  is  gratifying  to  note  the  gradual  development  there  has 
beenin  the  service  rendered  by  the  specialists  of  the  other  cooperating 
parties,  the  Agricultural  College  and  the  United  States  Department  of 
Agriculture.  The  following  table  gives  the  number  of  specialists  that  have 
visited  each  county  this  year.  The  total  number  is  1,647,  whereas  last 
year  it  was  1,332  and  the  previous  year  716.  The  results  of  farm  bureau 
work  given  in  this  report  have  been  brought  about  by  the  cooperation 
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and  it  is  a  pleasure  to  express  here  our  appreciation  of  the  assistance 
that  has  been  given  by  the  various  departments  of  the  College  and  their 
Extension  Specialists  as  well  as  of  the  assistance  given  by  other  State 
Departments  and  by  the  representatives  of  the  United  States*' Depart- 
ment of  Agriculture.  The  following  table  gives  the  statistical  statement 
of  the  visits  of  specialists  to  the  different  counties. 


Coontj. 

Montlia 
nported. 

No.q£ 
Yliita. 

Ooimtj. 

reponeo. 

No.  of 
Tiilta. 

AW 

11 

9 
43 

13 
10 
27 
23 

8 
77 
80 
41 
88 

8 
20 

7 
27 

8 
10 

7 
30 
14 
21 

8 

8 
14 

8 
80 

6 

8 
30 
08 
77 

9 
160 

iMxtttrr 

10 

31 

Allmn 

iSmmi                                .     , 

3 

Alpens 

Leoewee ', ^i 

8 
8 
8 
9 
8 
7 
8 
6 
8 
8 
6 
7 
8 
1 
8 
8 
0 
7 
7 
10 
4 

S 

11 
10 
10 
8 
8 
8 
11 
10 
11 
11 

38 

Antrim 

Hvlntrtfl".... 

34 

Bwigft 

Looe  r. 

8 

bStT. 

Mafiomb 

38 

5^: 

Maniftte 

10 

Sto 

ffiSJSSeV. 

30 

BSSn:;;:;;:;::::::;::::::::::::: 

iSSS^ 

10 

Bnukeh 

Meooeta 

0 

Ohlhoiin 

Menominee                     

18 

SiTT:::;;::;;::;::;:;::;:;::;:; 

MMIand..^ 

6 

Charlevoix 

fiSIS-^ 

10 

Cheboy^n 

mSwT::;;::::::::::::::::::::: 

13 

Chippm 

Mmitimlm 

20 

dintoo 

MootmoittCT 

1 

Cimwford 

u^^pr^ 

31 

Delta 

Newavio 

19 

Dicklnim 

rffiSy ;;    ;        : ;  :;; 

86 

Eaton.... 

Onuana., 

18 

Kmmt 

Oeoeolft 

8 

<£Im 

Ottaim 

30 

JhStT 

0 

Qflnbio 

pSSe  We ;..:.:.::..;...;...;. 

14 

Grand  IVayerae 

iloecoaunon                       

8 

8affipa^. 

50 

InnSun 

StTClair 

80 

loeeo.....'..' 

8t.J<Mph 

37 

Iron 

7 

InbeUa 

ShiairBMm 

10 

Jaflkom 

Tveola 

30 

Kalanaioo.                       

Van  Bonn » 

30 

Kalkaaka 

Waihtenaw 

37 

K«t!v:.........; :. 

Wayne 

158 

wSId... :.:.....;.... :::::::.. 

38 

Total  nmnber  of  Tiaita 

1,647 

FIELD   WORK   OF  ASSISTANT  STATE  LEADERS  AND  STATE  LEADER. 

The  field  work  of  the  Assistant  State  Leaders  and  of  the  State  Leader 
has  followed  the  outline  as  given  in  the  reports  of  the  two  preceding  years. 
Mr.  Earl  P.  Robinson  resigned  January  1,  1919  to  become  State  Leader  in 
New  Hampshire.  Mr.  Frank  Sandhammer,  Agricultural  Agent  in  Manis- 
tee County  was  appointed  Assistant  State  Leader,  January  1, 1919. 

Mr.  J.  W.  Weston  Assistant  State  Leader  for  the  Upper  Peninsula, 
made  118  visits  to  counties  having  agents.  He  helped  to  conduct  51 
meetings  with  a  total  attendance  of  4,531. 

Mr.  Earl  P.  Robinson  made  52  visits  to  coimties  having  agents  and  9 
visits  to  counties  without  agents.  In  this  work  he  addressed  39  meetings 
with  a  total  attendance  of  1,045. 

Mr.  H.  B.  Blandford  made  146  visits  to  counties  having  agents  and  2  to 
counties  without  agents.  He  helped  to  conduct  24  meetings  with  a  total 
attendance  of  1,746. 

Mr.  Frank  Sandhammer  made  66  visits  to  counties  having  agents.  In 
doing  this  work  he  addressed  82  meetings  with  a  total  attendance  of  3|096. 
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In  field  work  the  State  Leader  has  made  122  visits  to  counties  having 
agents  and  3  visits  to  counties  without  agents.  In  this  work  he  has  ad- 
dressed 126  meetings  with  a  total  attendance  of  15,434. 

STATISTICAL  SUMMABT  OF  OFFICE  AND  FIELD  WORK. 

In  concluding  this  report  we  give  a  statistical  summary  of  some  of  the 
important  phases  of  the  office  and  field  work  of  the  county  agricultural 
agents. 
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STATISTICAL  SUMMARY-OPnCE. 
FromJuly  1,1918  to  June  1.1919. 
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ASSISTANT  COUNTY  AGENTS. 
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STATISTICAL  SUMMART— FIELD. 
Fhxn  July  1/ 1918  to  Jane  1, 1919. 
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198 
65 

Mimukee. 

Monroe     

41 
80 
66 

24 
61 

Si 

56 

27 
39 
6 

27 
122 
69 

45 

87 
79 

1,860 
8,796 
4.620 

Montcalm 

12 
1 

17 

12 
8 

88 
9 

12 

380 
65 

369 
140 
146 
574 
200 
580 

Muflk^on 

689 
3.432 
7,916 
6,782 
4,018 

781 

Newayco. 

OiUdand 

Ocean*  ..tt 

Ontonagon 

Oaoeola 

8 
2 

4 

22 

1 

43 

6 

111 

8 

8,626 
126 

Otaeso 

Otaeso  and  Mont- 
morenoy 

2 

27 

5 

80 
7 
14 

1 

25 
14 

9 

4 
9 

8 
745 
857 

72 
21 
40 

676 

Ottam 

6,886 
2,648 

2,450 
1,320 
4,626 

fttwqnelBle 

Roeoommon  and 

„  Crawford 

Saginaw 

8t.Clair 
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1 

i 
1 

1 

1 
J 

Oomity. 

1 

1 

1 

V 

1 

StJoteph 

11 
11 
8 
11 
11 
11 
11 
11 

141 
116 

140 
896 
178 

lis 

878 
860 
492 
463 
670 
862 
407 
80 

101 
4 

17 
86 
88 
8 

7 

4 

202 

1 

64 

4 
2 
47 
29 
12 
49 

700 
1,016 
811 
166 
846 

68 
22 
28 
46 

77 
86 
101 
46 

2.480 
649 
2.960 
8,860 
8.680 

ShiftWMwe 

Tweob 

68 
6 

Van  Bnren 

Wtahfteoaw 

2.916 

Wayne 

6 

1 

4.611 

Weiford 

1,644 

Tirt»U 

8S.S84 

28,840 

2,116 

1,918 

798 

81,461 

8.783 

216.618 

A8SI8TANT  00UNT7  AQENTB. 


Allfffl 

168 

848 

161 
172 

24 
21 
8 

86 
87 
2 

.    80 
16 
18 

688 
247 
176 

48 

64 

6 

2.896 

2.984 

801 

Ottawa 

.... 

VanBonn 

TVHala 

zim 

676 

48 

74 

68 

1,066 

118 

6.681 
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STATE  BOARD  OF  AGRICULTURE, 


STATISTICAL  SUMMARY. 
From  July  1.  1918  io  June  30, 1919. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Deo. 


No.  of  AgentareportiiiK 

OFFICE. 

D»yiiii<^Bce 

CaOsonaeent: 

Penonal 

Tdephone 

Articles  publkhed  m  Uie  loeal  press 

Lett^swrittea 

Cireukr  letters  mailed 

Bulletins  distributed 

FIELD. 

Daysmfield 

Farm  visits  made 

Demtmstrations: 

a.  Started 

b.Viflited 

c.  Meetings  hdd  at 

d.  Attendimce  at  meetings 

Other  meetings  held 

Attendance 


65 


690 

5.937 
7,276 
528 
7.426 
27.865 
15.257 


1.145H 
5,486 

260 
469 
267 
5.684 
347 
23.009 


67 


145H 

5,350 
5,982 
426 
6.306 
20,169 
8.478 


813H 
3.281 

102 
220 
56 
1.253 
278 
38.790 


67 


684 

6,260 
6,871 
458 
6.715 
30.069 
11.680 


1,216 
3,875 

286^ 

292 

85 

10.341 

335 

14.555 


65 


681H 

4.522 
5.192 
333 
5.742 
23.667 
3.537 


747H 
2.399 

133 

218 

59 

3.700 

140 
4.342 


65 


761H 

3.634 
4,167 
327 
4.532 
17.786 
4,210 


617 
1,429 

113 
94 
41 
673 
147 
7,016 


1.038H, 

3,688 
4.589 
422 
6,313 
22.325 
4.428 


506H 
798 

106 

39 

48 

617 

244 

8.139 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


No.  of  agents  reporting 

OFFICE. 

DavsinoflSce 

Calls  on  Agent: 

Ftorsonaf 

Telephone 

Articles  published  m  local  press. . 

Letters  written 

Circular  letters  mailed 

Bulletins  distributed 

FIELD. 

Daysinfied 

Fann  viriti  made 

Demonstrations: 

a.  Started 

b.  Visited 

c.  Meetings  held  at 

d.  Attendance  at  meet 

Other  meetings  hdd 

Attendance 


902 

4.519 
4.524 
565 
4,949 
25.080 
5.851 


500 
637 

116 
30 
14 
373 
384 
20.705 


63 


845H 

4.057 
4,067 
363 
5.464 
21.570 
9,331 


555 
384 

42 

13 

15 

497 

499 

32.691 


951 

5.807 
6.054 
523 
8.283 
37.356 
21,375 


796 
994 

138 
47 
35 
1.676 
664 
35.501 


732H 

4.660 

5.500 

413 

7.322 

38.160 

13.939 


724 
1.922 

317 

162 

79 

5.281 

398 

16,971 


60 


557H 

3,474 
4,353 
380 
5,890 
26.941 
12.059 


824H 
2.705 

505 
285 
47 
1.119 
374 
14.380 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Number  Assistant  agents  reporting . 

OFFICE. 

DaysuoflSce 

CaUs  on  agents: 

Personal 

Telephone 

Letters  written 

Circular  letters  mailed 

Bulletins  distributed 

FIELD. 

No.  assistant  agents  reporting 

Days  in  field 

Fann  visits  made 

Demonstrations: 

a.  Started 

b.  Visited 

c.  Meetingshddat 

d.  Attenduce 

Other  meetings  held 

Attendance 


41H 

90 

92 
123 

69 
155 


3 

46H 
221 

7 

16 

12 
283 

10 
326 


32 

103 
91 
109 
100 
112 


3 

33H 
100 

2 
5 
1 
25 
6 
502 


32H 

90 

84 
105 
156 

447 


3 
49 
82 

3 

33 

26 

350 

8 

256 


10 
14 
119 
173 


2 

20 
71 


5 

12 

95 

6 

205 


23H 

23 
20 
75 
103 
10 


2 

22)^ 
40 

5 

5 

12 
340 

18 
419 


32H 

35 
25 
96 
54 


{?« 


1 
7 
2 
75 
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Jan. 

.      Fab. 

Mar. 

Apr. 

May 

2 

33 

30 

1 

65 
869 
04 

2 

1 

2 

41 
40 

2 

88 

33 

1 

118 
84 

139 

2 

7 
2 

2 

19 

30 
15 

2 

30 
15 

omcB. 

TV  in  Hlm> 

Oi^ionaeeiits: 

Telephone 

Letiera  written .' 

80 
575 

79 

14 

209 

2 

17 
4 
8 
45 
10 
535 

51 
25 

ninmlfM^i^f  fn#iM , 

Iittllftim diftnfmt^  , ..,  . 

2 

2 

22H 
42 

5 

4 

1 

10 

10 

62$ 

riKI.D. 
DajB  infield 

Farmviriteajade.... 

DemonstntioDr. 
».  Started 

b.  Viaited 

5*,   Mii«iingril>«Mat 

<Hhfr«nftineFli«M 

15 
741 

11 

627 

22 
1.130 

Atttndame 
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THIRTY-SECOND  ANNUAL  REPORT 

OF  THE 

EXPERIMENT   STATION 

OF  THB 

Michigan  Agricultural  College 

UNDER  THE  HATCH  AND  ADAMS  ACTS 

FOR  THE 
TEAR  ENDING  JUNE  30,  1919. 


For  members  and  organization  of  the  State  Board  of  Agriculture  in  charge  of  the 
Station  and  list  of  officers,  see  pages  5-11  of  this  volume. 
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REPORT   OF  SECRETARY  AND  TREASURER. 

The  following  shows  the  receipts  and  disbursements  of  the  Experiment 
Station  for  the  year  ending  June  30, 1919. 


Dr. 


Or. 


July    1.  1918. 

Aug.  16,  1918. 

Oet.    3.  1918. 

Nov.   4,  1918. 

Jan.  23,  1919. 

Apr.  18,  1919. 

June  30,  1919. 


T(x  balanoe  overdrawn 

received  from  U.S.  Treasury 

received  from  U.S.  Treasury 

received  from  U.S.  Treasury 

received  from  U.S.  Treasury 

received  from  U.  S.  Treasury 

lio»iaefees,o(nnmtfcialftftiIiier8 

license  fees,  oommtfcial  feeding  stuffs 
farm  and  nusceOaneous  receipts . 


from  State  apprtq^tion^South  Haven  Exptfiment  Station , 

from  State  appropriation  U.  P.  Expviment  Station , 

from  South  Haven  Experiment  Station  recdpts , 

from  U.  P.  Experiment  Station  receipts         

from  State  Treasurer  1-5  Mill    

By  disbursements  as  per  vouchers  filed  in  the  office  of  the  State  Audita  General  . 
balance  overdrawn 


$5.000  00 
2.500  00 
7,500  00 
7.500  00 
7,500  00 
7.170  00 

14.975  00 
2.106  92 
2.555  64 

19.805  00 

530  81 

7,653  04 

30.000  00 


15,604  38 


15,180  36 


125.219  43 


Total. 


1130,399  79 


$130,399  79 


Fifty  thousand  regular  bulletins  No.  282;  fifty  thousand  regular  bulletins  No.  284;  twent]r-five  thousand  regular  bulletins  Now 
283;  seven  thousand  five  hundred  special  bulletins  No.  90:  seven  thousand  five  hundred  specnal  bulletins  No.  91 ;  six  thousand  five 
hundred  special  bulletins.  No.  92;  twenty-five  thousand  special  bulletins  No.  93:  twenty  thousand  spedal  bulletins  No.  94 
twenty  thousuid  special  bulletins  No.  95;  five  thousand  nve  hundred  special  bulletins  No.  96;  twen^-five  thousand  special 
bulletins  No.  97;  ten  thousand  circular  bulletins  No.  36;  seven  thousand  ive  hundred  circular  bulletins  No.  37;  seven  thousand 
five  hundred  circular  bulletins  No.  38;  three  thousand  circular  bulletins  No.  39;  three  thousand  circular  bulletins  No.  40;  four 
'  thousand  five  hunored  technical  bulletins  No.  43;  fifty  tho  isand  quartly  b  jllet'ns  Vol.  1.  No.  1 :  three  thousand  five  hundred 
technical  bulletins  No.  44;  fifty  thousand  quarterly  bulletins  Vol.  1,  No.  2;  fifty  thousand  quarterly  bulletins  Vol  1,  No.  3;  fifty 
thousand  ouarterly  bulletins  Vol.  1,  No.  4;  one  thousand  press  bulletins  No.  63;  one  thousand  press  bulletins  No.  64;  have 
been  issued  by  the  Experiment  Station  during  the  fiscal  year. 
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STATE  BOARb  0)S'  k^'EtdO'LVOKBL 

DISBURSEMENTS  ON  ACCOUNT  OF  U.  8.  APPR0PMATI0N8. 


Hatch  fund. 

Adams  fund. 

Sakriet: 
Dinetor  tnd  other  admiDit^tiveoflie^re 

$1,619  60 
2.574  80 
7,279  25 

226  60 
989  47 

119  81 

126  40 

18  44 

25 

500 

147  15 

54  52 
147  64 

10  80 
37  20 
24  34 
942 
42  32 
138  04 

45  00 

Rei«ntifirStftff     

$2.746  90 

AmstentfltoflAimtificfltiiff 

9,290  85 

Labor: 

Anniml mnA  mnnthW COIdIoVMI 

630  00 

Bftlancf  by  week,  day  and  hour  M  needed 

923  12 

PublicaUons: 
Other  eznfiDaefl  foooDerhalf-tonet) , 

280 

TelMnoh  and  telvDhone 

r88 

Heai.lifht,  water  and  power. 
Pttt 

Chemiealf 

\... 

OtberBuppHM 

35  49 

8igM*»tojjyd«d.dnr«wIi«: 

Botonieal 

Entomologiea] 

39  89 

Soilf....      

Farm  Crops 



Fertilijcn 

300 

ViM^ngfli^ffii    , , , 

682  19 

Library: 
FourToIamMAnwiioan  Journal  of  Physiology 

20  20 
12  60 
700 
74  75 
46  00 
14145 
235  90 

166  34 
15  28 

One  Tolume  Journal  of  the  HOfiiptv  of  rl)imniftal  Tndnfltrv 

On<f  Tolurn^  8oi  1  R«ifinee 

Bindinff  niztv-five  volirniM 

Bindingforiy  vnluni««.  . .                                                                                                  

Bindin£  (me  oundred  twentv-three  volumes 

Otheritems .' .. 

Tools  maehineiy  and  appliances: 
(*)  }Jt^  parchaem ...     . 

18  82 

(b)  Repairs 

70 

Items  of  principal  purchase: 
One  IH  H.  F(220  V.  Shunt  Wound  motor 

Hatch.         Adams. 
..  .        $101  63           

1  75 

One  food  grinder 

1  98 

One  setsargent  bits 

One  B.  and  V.  brace 

6  80 

3  80 

One  tank  heater 

Onesilagecart. ................     .   ,.. 

18  00 
490 

One  lamp 

90 

One  nitrogen  lamp 

90 

MIfloellaneous ^.  .... 

1  00 

Soiectiflo  appaimtus  and  specimens: 
One  bacteria  grinder  with  pulley  and  handle 

36  10 

11  29 

Livestock: 
Small exiMvimental animals. ... . 

56  50 

Traveling  expenses:  > 
In  supervision  of  station  work 

54  28 

665 

578  06 
20  00 

Contingent  enenses: 
One  year's  dues,  1918-1919,  Association  of  American  Colleges  and  Experiment  Stations 

BuildingB  and  land: 

487  21 
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DISBURSEMENTS  OP  EXPERIMENT  STATION  MONEYS-OTHER  THAN  RECEIVED  PROM  U.  3.  TREASURER 


SUftritt. 

UN* 

PobQe»tioii 

titttgont 

fttarysappKflt, 

Seeds,  pluti  and  0iiiidry  SQpplkt, . 

Fer^ka 

Feedngstnib 

libraiy 

Toob,  nttfthinwry  and  appli>neee. . . 

Fiiuiiure  eod  fixtune 

Seieotifie  apiMntaB  uid  ipccimeiis. 

LveStoek 

IVsTdins  flspenset 

Heat  li^t  and  watff 

Boikfiiig  and  land 

Bahnee  ofcfdrawn 

Total 


I35.<)03  03 

18,061  55 

439  15 

988  77 

554  73 

3.249  96 

5.143  97 

1.2M58 

5.8S3  30 

103  29 

2,355  48 

692  90 

1,287  00 

770  70 

5,558  78 

98  40 

11.772  94 

15.604  38 


$110,823  81 


Digitized  by 


Google 


232  STATE  BOARD  OF  AGRICULTURE. 


REPORT  OF  DIRECTOR  OF  EXPERIMENT  STATION. 

To  President  F.  S.  Kedzie: 

During  the  past  year  the  work  of  the  Experiment  Station  was  seriously 
interfered  with  on  account  of  the  loss  of  so  many  workers  to  serve  in  the 
army  and  navy  or  to  aid  indirectly  in  a  variety  of  activities  having  some 
bearing  on  war  service.  It  was  necessary  to  abandon  some  of  the  investi- 
gational projects  temporarily,  particularly  those  having  the  most  intricate 
scientific  bearings  with  least  prospect  of  producing  immediate  results 
to  be  used  in  agricultural  practice.  At  this  time  many  of  these  suspended 
investigations  have  been  taken  up  with  the  prospect  that  all  will  be  re- 
sumed in  the  near 'future.  The  war  conditions  calling  for  increased  agricul- 
tural production  resulted  in  a  greatly  increased  demand  on  the  Station 
for  a  great  variety  of  assistance  to  furnish  speedy  relief  as  the  increased 
emergencies  arose. 

The  administration  of  the  funds  of  the  Station  was  beset  with  difficulties 
this  year.  At  the  beginning  of  the  year  the  Station  funds  were  fully  ap- 
portioned to  defray  salaries  and  operating  expenses.  At  this  time  a  num- 
ber of  our  Station  workers  were  on  leaves  of  absence  granted  by  the  State 
Board  of  Agriculture  for  the  duration  of  the  war.  After  the  signing  of 
the  armistice  in  November,  1918,  many  of  our  men  returned  to  occupy 
their  former  positions.  In  addition  several  temporary  appointments  were 
necessary  to  meet  the  demands  made  upon  the  Station.  This  situation  re- 
quired the  appropriation  of  more  money  than  was  made  available  during 
the  year. 

The  following  statement  includes  the  funds  disbursed  during  the  year, 
indicating  their  source: 

Hatch  Funds $  15,000.00 

Adams  Funds 15,000.00 

State  Funds 63,282.67 

Upper  Peninsula  Station  Funds 28,835.59 

South  Haven  Station  Funds. 3 ,  101 .  17 

Total $125,219.43 

A , report  of  the  work  of  the  Upper  Peninsula  Station  at  Chatham, 
appears  elsewhere.  Mr.  B.  W.  Housholder,  after  three  years  of  very  satis- 
factory service,  was  succeeded  by  D.  L.  McMillan,  April  1,  1919. 

The  following  list  comprises  all  bulletins  issued  by  the  station  during 
the  year: 

Regular: 

282— Sept.  1918:    Commercial  Feeding  Stuffs,  45,000.    A.  J.  Patten 
C.  F.Barnum,E.F.  Berger,T.  E.  Friedemann,  P.    O'Meara. 

283— Dec.  1918.    Fertilizer  Analyses,  25,000.    A.  J.  Patten. 

284 — Jan.  1919.     Some  Information  and  Suggestions  Concerning 
the  Use  of  Phosphorus,  50,000.  M.  M.  McCool,  C.  E.  Millar, 
G.  M.  Granthum. 
Special : 

90 — Nov.  1918.     Special  "Report  of  the  Upper  Peninsula  Experi- 
ment Station,  7,500.    B.  W.  Housholder. 
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&1 — Nov.  1918.    Some  General  Information  on  Lime  and  its  Uses 
and  Functions  in  Soils,  7,500.    M.  M.  McCool,  C.  E.  Millar. 

92— Dec.  1918.    Feeding  Value  of  Skim  Milk,  6,500*    H.  W.  Nor- 
ton, Jr. 

93-^Feb.  1919.    Spray  and  Practice  Outline  for  Fruit  Growers,  25,* 
000.    H.  J.  Eustace,  R.  H.  Pettit. 

94— Feb.  1919.    Financial  History  of  a  Twelve  Year  Old  Peach 
Orchard,  20,000.    H.  J.  Eustace,  F.  M.  Harden. 

95— -Feb.  1919.    Musk  Melon  Culture  in  Michigan,  20,000.    C.  W. 
Waid. 

96 — May  1919.    Analyses  of  Insecticides  and  Fungicides,  5,500. 
A.  J.  Patten,  E.  F.  Berger. 

97— June  1919.    Alfalfa  in  Michigan,  25,000.    J.  F,  Cox. 
Circulars: 

36— Feb.  1919.    Planting  the  Rural  School  Grounds,  10,000.  C.  P. 
HalUgan. 

37— Mar.  1919.    Raspberry  Culture,  7,500.    R.  E.  Loree. 

38 — Mar.  1919.    The  Culture  of  Currants  and  Gooseberries,  7,500. 
R.  E.  Loree. 

39— May  1919.    Foul  Brood,  3,000.    B.  F.  Kindig. 

40— rjune  1919.    Infectious  Abortion  and  Sterility  in  Cattle,  3,000. 
E.  T.  Hallman. 

Technical: 

43— Nov.  1918.    Soluble  Salt  Contents  of  Soils  and  Some  Factors 

Affecting  it,  4,500.    M.  M.  McCool,  C.  E.  Millar. 
44— Nov.  1918.     Rate  and  Extent  of  Solubility  of  Soils  Under 
Different  Treatments  and  Conditions,  3,500.  Q.  J.  Bouyoucos. 
Press: 

63— Oct.  1918.    House  Flies  and  Influenza.'   W.  L.  Chandler. 
64— May  1919.    Onion  Maggot,  1,200.    R.  H.  Pettit. 

Four  copies  of  the  Experiment  Station  Quarterly  have  appeared  during 
the  year.  This  publication  is  intended  to  convey  to  those  whose  names  are 
included  on  the  entire  mailing  list,  a  variety  of  useful  information  relating 
to  agricultiu-al  practice  and  resulting  either  directly  or  indirectly  from 
Station  investigational  work.  This  publication  seemed  to  be  very  accept- 
able to  our  readers  and  especially  useful  to  County  Agents  ai:id  other  Ex- 
tension workers. 

It  is  still  our  earnest  desire  to  organize  investigational  work  in  farm  man- 
agement and  rural  economics.  This  would  stimulate  and  greatly  aid  both 
educational  and  Extension  work  along  these  Unes.  In  the  same  manner 
investigational  work  in  farm  mechanics  is  needed  as  a  basis  upon  which  to 
upbuild  other  lines  of  effort. 

The  Station  organization  greatly  apjjreciates  the  prospects  of  larger 
financial  support,  now  that  the  general  revenues  of  the  institution  have 
been  increased.  This  will  enable  us  to  more  fully  meet  the  needs  of 
those  seeking  help. 

Respectfully  submitted, 

R.  S.  SHAW, 

Director, 
East  Lansing,  June  30,  1919. 
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234  STATE  BOARD  OF  AGRIOULTURB. 


REPORT  OF  THE  BACTERIOLOGICAL  SECTION 

Director  R.  S.  Shaw: 

Dear  Sir — With  the  signing  of  the  peace  treaty  almost  synchronous  with 
the  rendering  of  this  report  it  is  with  regret  that  we  are  unable  to  report 
that  the  work  of  this  division  is  on  a  peace  or  pre-war  basis.  You  were 
made  acquainted  by  our  lagt  report  with  the  losses  that  we  had  suffered 
in  our  experimental  staff  up  to  July  1st.  In  the  fall  of  1918,  assistant  bac- 
teriologist, F.  W.  Fabian,  entered  the  sanitary  corps  of  the  army  as  a 
lieutenant. 

However,  to  counteract  our  losses  we  had  the  excellent  assistance  of  Dr. 
E.  T.  Hallman  of  the  Department  of  Animal  Pathology  who  maintained 
intact  the  experimental  herd  for  the  infectious  abortion  investigations  and 
materially  added  to  our  fund  of  information  on  the  nature  of  the  disease. 
Assisting  in  this  work  was  Dr.  D.  J.  Laihoureaux  who  labored  faithfully 
until  a  brilliant  career  in  the  field  of  research  was  cut  short  by  his  imtimely 
death  from  influenza,  February  27,  1919. 

Lieutenant  S.  N.  Lord  of  the  Canadian  Expeditionary  Force  was  with 
us  from  July  until  December  1918,  but  on  account  of  a  heavy  teaching 
schedule  and  the  confusion  resulting  from  the  influenza  epidemic,  he 
was  unable  to  accomplish  anything  with  the  problem  formerly  in  charge 
of  Mr.  Cooledge.  Mr.  Fabian,  Mr.  Nobles,  and  Dr.  Stafseth  returned 
early  this  year  and  Mr.  Cooledge  in  May.  Mr.  Morgan  and  Mr.  Huddleson 
are  still  with  the  A.  E.  F. 

We  have,  therefore,  been  imable  to  make  any  progress  along  some  lines 
and  very  little  advancement  along  others  throughout  most  of  the  year  and 
even  yet  some  of  our  projects  must  remain  untouched.  The  situation  is 
briefly  as  follows: 

Adams  la.  The  effect  of  diseases  in  the  cow  on  the  milk.  Nothing  was 
accomplished  until  the  return  of  Mr.  Cooledge  who  is  planning  and  pur- 
suing his  work  now  with  vigor. 

Adams  lb.  The  keeping  qualities  of  butter.  Mr.  Ruehle  has  been 
working  throughout  the  year  at  the  problem  but  his  progress  has  been  im- 
peded ,by  the  unsatisfactory  manner  in  which  he  found  the  records  of 
previous  investigations,  by  a  heavy  teaching  schedule  and  a  number  of 
diversions  that,  ordinarily,  would  have  fallen  to  the  lot  of  Mr.  Cooledge. 
A  record  of  his  work  appears  herein  later. 

Adams  2c.  Soil  solution  and  its  r61e  in  the  life  of  soil  microbes.  This 
project  has  been  effected  the  least  seriously  of  any  of  our  projects.  As 
a  matter  of  fact  we  feel  that  much  has  been  accomplished  by  Miss  North- 
rup  in  her  studies  on  the  decomposition  of  peat  as  will  be  seen  from  her 
report  which  follows. 

Adams  3a.  Swine  epizootics.  No  work  has  been  done  on  this  project 
for  two  years  past  and  none  is  planned  for  the  immediate  future  due  to 
absence  of  the  available  man  in  the  army. 

Adams  3b.  Bovine  infectious  abortion.  Dr.  Hallman,  Dr.  Lamoureaux 
and,  for  the  past  few  months,  Dr.  Stafseth  have  made  progress  in  their 
investigations.    I  refer  you  to  Dr.  Stafseth's  report. 

Mr.  Cooledge  reports  as  follows : 

"Having  just  returned  from  leave  of  absence  on  military  service,  I 
have  no  report  to  make  upon  progress  of  experimental  work  during  the 
past  year. 
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"While  in  service  I  was  stationed  at  Rimecourt,  Haute  Marne,  France 
in  the  laboratory  of  Base  Hospital  52.  I  was  in  the  army  between  the 
dates  February  4,  1918  and  May  15,  1919. 

"I  am  continuing  my  studies  upon  the  general  problem  (Adams  la)  JRe- 
lation  of  diseases  of  the  cow  to  the  milk,  and  have  under  way  or  projected 
the  following  phases  of  the  proWem  as  applied  to  infectious  abortion. 

*1.  Study  of  the  possibility  of  the  udder,  through  the  teats,  being  an 
avenue  of  entrance  for  Ract.  abortus.  • 

"II.  Attempt  to  improve  methods  for  studying  the  presence  of  Bad. 
cbortus  in  the  udder. 

""III.    Feeding  experiments  with  Bact  abortus  infected  milk. 

"IV.  Nature  of  Bact,  abortus  infection  in  the  udder.  A  bacteriological 
and  pathological  study  of  Bad.  abortus  infected  udders  to  be  taken  up  ia 
cooperation  with  the  Department  of  Pathology. 

"V.  Study  of  strains  of  Bad.  abortus  and  abortus-like  organisms  isolated 
from  milk." 

Mr.  Ruehle  has  the  following  report: 

"The  research  work  on  butter  has  been  on  the  Adams  Fund  Pro- 
ject lb  entitled,  The  Keeping  Qualities  of  Butter.'  This  work  is  still 
in  progress  but  has  not  progressed  to  the  point  where  publication  would 
be  desirable.  A  preliminary  report  of  one  phase  of  the  work  has  been 
embodied  in  a  paper  entitled,  'A  Microscopic  Method  of  Examining  Butter 
for  Microorganisms'.  This  was  read  before  the  Section  on  Sanitary  and 
Medical  Sciences  of  the  Michigan  Academy  of  Science,  on  April  3,  1919. 
An  abstract  of  the  paper  follows  this  report. 

"In  examining  a  substance  for  the  presence  of  microorganisms,  it 
is  always  desirable  to  be  able  to  analyze  the  material  microscopically 
as  well  as  culturally.  In  preliminary  examinations  of  the  butter  by  the 
microscope  it  was  found  that  a  large  proportion  of  the  bactena  are  im- 
bedded in  particles  of  casein.  This  would  indicate  that  any  cultural 
method  of  counting  the  microorganisms  in  butter  would  give  counts  much 
below  the  actual  number  present  in  the  butter. 

"After  some  experimentation  the  following  technique  was  adopted 
and  is  still  being  studied: 

"One  gram  of  butter  was  weighed  out  and  transferred  to  a  clean 
separatory  funnel.  One  cubic  centimeter  of  hot  water  was  added  to 
the  butter  and  the  whole  mass  agitated  until  the  butter  was  melted 
and  thoroughly  mixed  with  the  water.  Then  50  c.c.  to  100  c.c.  of  ether, 
gasoline,  or  other  fat  solvent  was  added  to  dissolve  the  fat,  when  it 
was  allowed  to  stand  until  the  two  liquids  had  separated.  The  aqueous 
portion  was  drawn  off  into  a  graduated  cylinder  and  an  equal  amount  of 
sterile  skim  milk,  which  had  been  allowed  to  sediment  for  a  week  or 
more  after  sterilization,  was  added  to  the  aqueous  extract  of  the  but- 
ter. After  mixing  0.02  c.c.  of  the  mixture  was  spread  out  with  a  needle 
on  a  glass  slide  so  that  it  covered  an  area  of  1  square  centimeter.  Some- 
times a  larger  amount  of  butter  was  tised  but  in  those  cases  a  larger 
amount  of  warm  water  was  used  so  that  in  every  case  0,02  c,c.  of  the  final 
mixture  represented  approximately  0.01  gram  of  the  butter.  The  smears 
were  then  treated  in  the  same  manner  as  the  milk  smears  are  treated  in 
the  Breed  method  of  counting  bacteria  in  milk;  namely,  the  smears  were 
dried  quickly  on  a  warm  plate,  immersed  in  xylol  for  a  minute  to  dissolve 
any  trace  of  fat,  fixed  for  one  minute  in  alcohol,  stained  with  a  one  per 
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cent  aqueous  methylene  blue  solution,  destained  to  a  light  blue  color  in 
alcohol  and  dried.  Duplicate  smears  were  always  made  for  each  sample. 
The  counting  was  done  under  a  compound  microscope  in  the  same  manner 
as  in  the  Breed  method.  In  this  work  an  E.  Leitz  1-12  oil  immersion  ob- 
jective was  used  with  a  No.  1  ocular  and  the  draw  tube  adjusted  to  152  mm. 
There  was  also  used  a  special  ocular  micrometer  marked  into  quadrants 
with  cross-hairs  and  a  circle  8  mm.  in  diameter.  This  combination  gives 
a  factor  of  650,000  for  every  bacterium  seen  in  one  field.  From  10  to  '40 
fields  were  counted  and  averaged  per  sample.  The  following  results  were 
secured  (see  table) : 


Butter 

K{nd  of  Cream. 

Plate  Counts. 

Mioroaeopic  Count 

•W 

Groups. 

Individuals. 

1 

620.000 

168.000 

101.000 

5,000.000 

1.240.000 

16.600,000 

3.165.000 

9.100,000 

8.597,000 

5.035.000 
9.250.000 
666.250 
9,600.000 
25.350,000 
10.010.000 
3,022,750 
5.622,500 
2.762.500 

7,962,500 

8 

Pasteurised,  ripened  naturally , 

14.925.000 

3 

980,000 

4 

Ptoteuriied,  ripened  by  starter 

14,880.0\K) 

5 

Pasteurised  Jipened  by  starter 

40.950.000 

6 

Raw-ripenea  naturally 

17,680,000 

S 

Tln1ni<*^ 

5,590.000 

9 

Rawrripened  naturally 

8,682,500 

40 

TJnkniwirj  dairy  b^itter ; 

4.290.000 

Torulae.... 

325.000 

325,000 

"In  every  case  when  the  cream  was  first  pasteurized  the  results  by 
the  microscopic  group  count  were  higher  than  by  the  plating  method, 
which  is  not  surprising  since  the  dead  cells  would  stain  as  well  as  the 
living  ones.  But  where  raw  cream  was  used  the  results  by  the  plating 
method  are  higher  than  the  microscopic  group  count.  This  is  opposed  to 
all  experience  with  the  microscopic  technique  when  applied  to  milk, 
where  one  usually  gets  results  from  2  to  5  times  as  large  with  the  mi- 
croscope as  with  the  petri  plate.  The  reason  for  this  is  not  clear  though 
our  experience  with  sample  No.  10  suggests  a  partial  explanation.  Repre- 
sentative colonies  on  the  plates  were  fished,  grown  in  milk,  and  stained. 
It  was  found  that  the  bacteria  took  the  stain  very  poorly.  Various  stains 
were  tried  but  with  little  better  success  except  with  Giemsa's  stain  which 
differentiated  the  bacteria  and  the  casein  of  the  milk  very  well,  when 
the  culture  was  grown  in  milk.  But  when  this  stain  was  appUed  to  the 
butter  smears  it  did  not  stain  the  bacteria  more  successfully  than  other 
stains.  Another  possible  cause  for  overlooking  bacteria  in  counting  the 
smears  is  the  small  size  of  the  usual  flora  of  butter,  which  consists  prin- 
cipally of  Bacterium  lactis  acidi.  Neither  of  these  suggestions  seems  to  fully 
explain  the  discrepant  results  and  further  search  is  being  made  for  the 
reason.  In  two  of  the  experiments  the  non-aqueous  portion  was  examined 
for  bacteria  but  none  were  found.  It  is  realized  that  the  foregoing  dis- 
cussion is  based  on  very  few  data.  The  main  reason  for  presenting  it  at 
the  present  time  is  in  the  hope  that  some  suggestion  may  be  received  that 
will  help  to  solve  the  difficulties  encountered.'' 

Miss  Northrup  reports  on  her  Adams  project  in  the  following  words: 
''Succeeding  the  entrance  of  1st  Lieut.  J.  F.  Morgan  into  the  Medical 
department  of  the  army,  I  was  placed  in  charge  of  the  soil  work  in- 
cluding experiments  already  started.    After  a  year's  work,  I  am  able  to 
give  the  following  report  of  progress. 


Digitized  by 


Google 


BXPERIllBNT  STATION  REPORTS.  237 

"In  the  experiment  already  under  way  when  the  problem  was  turned 
over  to  me  in  the  spring  of  1918  a  series  of  composts  consisting  of  various 
proportions  of  peat  and  manure  had  been  made,  viz.,  50-50;  75-25;  and 
90-10  peat  and  manure  respectively  including  a  pile  each  of  peat  alone  and 
manure  alone.  These  were  used  on  an  experimental  plot  consisting  of 
neariy  pure  sand  and  sowed  with  Canada  field  peas.  It  was  soon  noted 
that  the  plots  containing  pure  (100  per  cent)  peat  first,  then  in  succession 
the  mixtures  containing  the  lesser  percentages  of  peat  showed  the  most 
rapid  growth,  in  marked  contrast  not  only  to  the  check  (sand)  as  would 
be  expected  but  to  the  manure  alone.  This  phenomenon  is  attributa- 
ble to  nothing  else  but  to  the  water  holding  capacity  of  the  peat. 
Later  experiments  have  shown  this  same  sequence  of  events  on  another 
type  of  soil  with  another  crop. 

"Bacteriological  studies  were  made  of  the  sandy  soil  alone  and  with 
the  different  additions  during  the  growing  period. 

"The  peas  were  picked  and  used  in  a  canning  experiment.  Studies  of 
the  soil  solution  from  these  piles  showed  a  larger  percentage  of  nitrates 
per  unit  amount  of  manure  in  the  pile  containing  the  least  amount  of 
manure. 

"The  concrete  compost  pit  which  was  described  in  the  1918  Annual 
Report  was  completed  in  July,  1918,  and  filled  with  a  mixture  of  peat, 
manure,  and  rock  phosphate  with  the  addition  of  sufficient  liquid  manure 
to  insure  anaerobic  conditions  as  well  as  to  serve  as  an  inoculum. 
Bacteriological  and  chemical  analyses  have  been  made  from  samples  taken 
bi-weekly  as  a  rule  except  through  the  winter  months. 

"Bacteriological  analyses  show  that  large  numbers  both  of  aerobic 
and  anaerobic  cellulose  decomposing  organisms  were  present  and  are  on 
the  increase.  In  the  aerobic  class,  which  includes  not  only  bacteria  but 
actinomycetes  and  molds  the  average  number  now  (June  1919)  ap- 
proximates 3,000,000  per  gram  of  oven-dry  mixtures.  The  anaerobic 
class  also  approaches  this  figure,  having  increased  to  this  amount  from 
an  average  of  about  5,000  per  gram  of  oven-dry  mixture.  Thus  it  would 
seem  that  the  cellulose  portion  of  the  peat  must  be  undergoing  decom- 
position and  that  the  conditions  in  this  pit  are  not  inimical  to  organ- 
isms of  this  class. 

"Work  with  the  organisms  concerned  in  the  dissolution  of  rock  phos- 
phate shows  their  presence  quite  frequently  in  considerable  numbers, 
but  at  present  the  known  cultural  methods  are  faulty.  This  is  one  gen- 
eral drawback  to  rapid  progress  along  certain  lines  of  soil  bacteriologi- 
cal work.  Chemical  analyses  of  the  material  from  the  pit  show  that  there 
has  been  roughly  an  increase  of  about  8  per  cent  in  the  citrate-soluble 
phosporus  in  a  period  of  nine  months.  There  has  been  a  decrease  in 
total  phosphorus  of  about  20  per  cent  of  the  original  amount  present. 
This  can  be  accounted  for  by  the  presence  of  large  amounts  of  citrate- 
soluble  phosphorus  in  the  drainage  water.  If  this  also  is  taken  into  con- 
sideration considerably  more  than  8  per  cent  of  the  citrate-soluble  phos- 
phorus has  been  liberated  in  the  past  nine  months. 

"As  the  presence  and  number  of  Azotobacter  species  in  soil  can  be 
determined  quite  readily  by  the  mannit  agar  plate  method  it  has  been 
possible  to  enumerate  them  in  this  compost  with  considerable  accuracy 
Azotobacter  have  been  found  not  only  in  the  surface  samples  but  in  the 
bottom  samples,  which  have  existed  for  over  9  months  under  decidedly 
anaerobic  conditions. 
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"Other  bacteriological  tests  have  been  made  whose  significance  is 
not  apparent  as  yet.  However,  severaljnteresting  phenomena  have 
occurred  which  will  bear  further  investigation.  It  has  been  found  that 
many  species  of  actinomycetes  have  the  power  of  digesting  cellulose 
aerobically  and  under  partial  anaerobic  conditions  also.  Assuming 
that  the  cellulose  of  peat  can  be  attacked  by  this  group  of  organisms, 
this  may  account  for  the  great  increase  in  numbers,  at  least  proportion- 
ately, of  the  actinomycetes  in  the  diflferent  depths  of  the  compost  pit. 

"Nothing  so  far  indicates  that  the  nitrogen  of  the  peat  has  been  at- 
tacked to  any  extent. 

"At  this  time  (June  1919)  the  contents  of  the  concrete  compost  pit 
are  being  removed  and  placed  under  more  aerobic  conditions  in  four  bins 
eight  feet  square  by  three  feet  high,  each  bin  representing  a  layer  from 
the  pit  of  about  two  feet  deep.  Studies  of  the  contents  of  these  bins  are 
to  be  continued  to  ascertain  the  change  in  rate  of  the  microbial  decom- 
position, and  consequently  in  the  type  of  microbial  flora  and  the  changes 
they  bring  about.  The  pit  is  then  to  be  filled  with  a  similar  mixture , 
employing  some  of  the  mixture  taken  out,  as  the  inoculum  in  place  of 
manure.  Studies  both  bacteriological  and  chemical  are  to  be  made  of 
this  mixture.'* 

Dr.  Strafseth  makes  the  following  report: 

"The  research  work  on  bovine  infectious  abortion  has  not  progressed 
very  rapidly  since  Mr.  I.  F.  Huddleson  enlisted  in  the  army.  Shortly 
after  the  outbreak  of  the  war  seven  members  of  this  department  entered 
the  service.  This,  of  course,  left  the  department  facing  a  very  diflScult 
situation.  No  one  was  left  to  take  charge  of  the  problem  and  to  secure 
suitable  assistants  was  almost  impossible,  as  every  young  man  was  subject 
to  military  duty.  Through  the  kind  aid  of  Dr.  E.  T.  Hallman  of  the  De- 
partment of  Animal  Pathology  and  Dr.  D.  J.  Lamoureaux,  his  assistant, 
the  maintenance  of  the  experimental  herd  was  made  possible.  Various 
projects  were  outlined  and  the  work  was  progressing  smoothly,  when  Dr. 
Lamoureaux  was  taken  away  after  a  short  illness  of  pneumonia.  This 
happened  about  two  weeks  after  iny  return  from  the  army.  Dr.  Lamou- 
reaux had  just  started  to  compile  his  data  and  I  had  not  yet  become  fami- 
liar with  his  work  at  the  time  of  his  death,  so  I  am  unable  to  render  any 
report  on  the  results  which  he  obtained.  From  his  outlines,  I  judge  that 
his  work  was  mainly  along  the  same  lines  as  that  which  I  have  planned  for 
next  year.  Records  of  the  breeding  and  blood  reactions  of  the  animals  in 
our  experimental  herd  were  kept  which  will  be  of  great  value  to  us  in  the 
future. 

"Our  herd  now  consists  of  ten  cows,  eleven  heifers,  six  calves  and  two 
bulls. 

"The  work  outlined  for  next  year  is  as  follows: 

1.  Determination  of  the  avenue  of  entrance  of  the  Bad.  abortus. 

2.  Persistence  and  localization  of  same  in  the  animal  body. 

3.  Mode  of  dissemination. 

4.  Study  of  concomitant  infections  to  determine  their  relation  to 

infectious  abortion  and  sterility. 

5.  Immunisation  by  means  of  lipo-vaccines. 

6.  Finding  the  better  methods  for  the  isolation  and  cultivation  of 

the  Bad.  abortits. 
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"Since  my  return  from  the  army  I  have  devoted  about  one-third  of 
my  time  to  teaching.  Besides  that,  we  have  been  short  of  help  and  the 
research  work  has,  therefore,  progressed  very  slowly,  but  we  hope  to  do 
better  as  soon  as  conditions  return  to  a  normal  basis. 

"Some  experiments  have  been  carried  out  to  see  if  the  Bad,  abortus 
will  penetrate  into  the  deeper  layers  of  the  uterine  mucosa  and  remain  in 
localized  areas  as  a  latent  infection.  Our  results  seem  to  indicate  that 
staphylococci,  streptococci  and  the  B.  coli  communior  may  do  this,  but 
we  have  not  found  abortion  bacilli  in  any  of  the  cases,  which  we  have 
examined.  Material  for  such  work  is  scarce,  so  we  have  not  yet  been 
able  to  examine  a  sufficient  number  of  genital  organs  to  give  us  any  con- 
clusive data  on  this  subject. 

"The  problem  of  isolation  and  cultivation  has  been  worked  on  with 
some  promising  results.  One  of  the  workers  of  the  Department  of  Animal 
Pathology  of  the  Rockefeller  Institute  for  medical  research  has  described 
an  improved  method  of  isolating  the  Bad.  abortus  from  macerated  fetal 
membranes  of  aborting  cows.  This  method  consists  in  injecting  guinea 
pigs  intraperitoneally  or  subcutaneously  with  high  dilutions  of  the  sus- 
pected material  and  then  allowing  one  month  to  elapse  before  making 
the  autopsy.  At  the  end  of  this  period  the  animals  are  killed  and  a  piece 
of  the  spleen,  about  the  size  of  a  pea,  is  cut  out  and  rubbed  against  an 
agar  slant  and  then  pushed  down  into  the  water  of  condensation.  The 
tubes  are  now  sealed  with  sealing  wax  and  incubated  for  about  ten  days. 

"We  have  tried  this  method  with  cultures  of  Bad,  abortus  and  known 
infected  milk  as  well  as  with  milk  and  tissues  from  animals  which  have 
a  history  and  blood  reaction  indicating  that  they  are  free  from  abor- 
tion disease.  It  is  too  early  to  give  a  detailed  report,  but  we  have  found 
the  characteristic  lesions  and  obtained  cultures  of  the  Bad,  abortus  in 
those  cases  where  infected  material  and  pure  cultures  were  used  as  in- 
oculum, whereas  the  other  cases  proved  negative.  Instead  of  sealing 
the  individual  tubes,  we  place  them  in  Novy  jars  and  exhaust  the  air  by 
means  of  a  suction  pump.  Under  such  conditions  we  have  obtained  good 
growth  in  five  days. 

"Dr.  Stanley  G.  Bandeen,  graduate  student  in  the  departments  of 
pathology  and  bacteriology,  has  been  working  on  'The  relation  of  the 
bacterial  flora  of  the  uterus  to  that  of  the  meconium  of  the  calf.'  The 
summary  of  his  thesis  reads  as  follows: 

"The  twenty  four  cases  (Table  II)  studied  for  a  comparison  of  the 
flora  of  the  uterus  and  meconium  showed  that  the  twelve  uteri  gave  cul- 
tures in  83J/^  per  cent.  The  uterus  contained  more  organisms  than  the 
meconium.  The  meconium  was  found  to  be  infected  with  B,  coli  com- 
munior, staphylococcus  and  streptococcus.  These  organisms  were  also 
found  in  the  uterus.  Bad,  abortus  was  found  to  persist  in  the  uterus  for 
,  twenty  eight  days.  In  no  case  was  Bact.  abortus  found  in  the  meconium. 
In  all  cases  except  Case  805A  whenever  the  meconium  was  infected,  the 
uterus  was  found  to  harbor  the  same  organism.  In  some  cases  the  me- 
conium was  found  to  be  sterile,  while  the  uterus  harbored  organisms. 
B.  coli  and  certain  cocci  were  found  in  the  sealed  uteri  of  apparently  nor- 
mal co^s.  The  results  obtained  in  this  article  will  be  of  interest  to  in- 
vestigators, of  white  scours  of  calves,  who  believe  that  the  calf  is  infected 
before  birth.  A  large  percentage  of  calves  are  born  with  infected  meconium. 
The  uterus  is  first  infected,  probably  followed  by  the  fluids  and  lastly,  the 
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meconium.  The  infection  probably  reaches  the  uterus  by  passing  through 
the  cervix  from  the  vagina  before  the  seal  is  formed  and  persisting  there 
throughout  pregnancy. 

"During  the  fiscal  year  ending  June  30,  1919,  145  blood  samples  have 
been  sent  to  this  laboratory  to  be  tested  for  Bad,  abortris  anti-bodies. 
The  following  shows  the  reactions  obtained  by  the  complement-fixation 
test:  96  samples  were  negative;  41  were  positive;  5  gave  a  partial  reaction; 
and  3  were  not  fit  to  be  tested  due  to  decomposition. 

"Besides  the  work  on  abortion  a  number  of  specimens  have  been 
received  from  various  parts  of  the  State  for  bacteriological  examination. 
There  are  no  records  showing  what  was  done  in  that  line  prior  to  my 
return  from  the  army. 

"Since  February  10,  1919,  19  specimens  have  been  examined.  The 
following  gives  the  results  of  the  examinations: 

Hemorrhagic  septicemia 5  cases 

Pyemic  infection 3  cases 

Tuberculosis .^ 1  case 

Actinomycosis 1  case 

Infectious  mastitis 1  case 

"Two  specimens  were  tumors  and  were  turned  over  to  Dr.  Hallman  for 
diagnosis. 

"The  six  remaining  specimens  were  of  such  a  nature  that  no  diagnosis 
could  be  made.'' 

Aside  from  our  eflforts  to  maintain  the  pure  research  problems  sup- 
ported by  the  Adams  funds,  it  has  not  been  possible  to  accomplish  much 
along  investigational  Unes  except  to  give  proper  attention  to  routine 
matters  and  satisfy  the  demands  made  upon  us  by  our  correspondents. 

Miss  Northrup  has  been  able  to  continue  her  studies  into  the  nature 
of  food  decompositions.  She  has  the  following  report  to  make  on  the  work 
done  by  herself  and  under  her  direction: 

"Report  on  Studies  of  Spoiled  Human  and  Stock  Foods  for  the  Fiscal 
Year. 

"A  quart  can  of  spoiling  corn  was  brought  into  the  laboratory  to 
ascertain  if  possible  the  cause  of  the  pecuUar  type  of  spoilage.  The  corn 
in  the  can  appeared  to  the  eye  to  be  undergoing  a  sort  of  cellulose  de- 
composition. There  was  no  unpleasant  odor  and  the  taste  was  but  little 
if  any  diflferent  from  that  of  a  good  product.  The  consistency  was  very 
diflFerent,  however;  the  kernels  felt  rather  slimy,  the  inside  portion  slip- 
ped out  of  the  seed  coat  like  a  grape  out  of  its  skin  and  felt  smooth  to 
the  tongue.  On  standing  gas  plroduction  was  noticed.  No  bacteria  were 
observed  in  hanging  drop.  Cultures  were  made  in  various  media  but  good 
growth  was  observed  only  on  starch  agar  and  anaerobically  in  tubes  of 
sterile  corn.  An  organism  was  isolated  from  starch  agar  and  the  fol- 
lowing morphological  and  cultural  determinations  made. 

Morphology:    Short  rods  in  pairs  or  short  chains  often  appearing  Ufce 

a  streptococcus,  single  only  occasionally. 

Starch  agar  slant:  24  hr.  very  fine,  nearly  translucent,  pale  white,  round 

colonies;  moderate  spreading  growth.  12  da.,  very  fine  beaded  growth; 

no  starch  was  decomposed. 

Dextrose  agar  slant:  Round,  white  individual  colonies,  larger  than 

on  starch  agar;  growth  moderate  to  abundant.    12  da.,  very  fine  beaded 

growth  resemblmg  streptococcus  colonies,  somewhat  opalescent,  growth 

praotioaUy  covering  the  slant. 
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Congo  red  agar  slant:  24  hr.,  no  noticeable  growth.  12  da.,  scarcely 
visible  growth  along  needle  tract. 

Ldtmus  lactose  bile  agar  slarU:  24  hr.  growth  doubtful  if  any.  12  da., 
less  growth  than  on  Congo  red  agar. 

Pork  Dextrose  broth:   0.5;  24  hr.  no  growth.    12  da.,  no  growth. 

Potato  slant:  24  hr.  doubtful  if  any  growth.  12  da.,  moist  growth 
along  path  of  needle,  colorless. 

Com  agar  slarU:  24  hr.  growth  spreading  and  abundant^  Small  white 
dots  in  the  abundant  growth  seem  to  be  typical  of  this  orgamsm,  these 
colonies  being  confluent  and  not  distinct.  Growth  pale  white  and  nearly 
translucent.  Condensation  water  is  cloudy,  white.  12  da.,  abundant 
growth,  translucent,  marmorated,  slightly  opalescent,  moist,  consider- 
able sediment  at  bottom  of  condensation  water. 

Lactose  broth  fermerUation  tube:  24  hr.  no  noticeable  growth. 

Dextrose  broth  fermentaiion  tube:  24  hr.,  no  noticeable  growth.  12 
da.,  reinoculated,  no  growth. 

Saccharose  broth  fermentation  tube:  24  hr.  no  noticeable  growth.  12 
da.,  a  macaroni-like  growth  in  the  long  arm  and  dense  growth  in  bulb. 

Sour  whey  agar  slant:  24  hr.,  growth  slight  if  any.  12  da.,  growth  at 
base  of  slant  scarcely  visible. 

Ldtmus  miJJc:  24  hr.,  reduction  at  surface.  12  da.,  quite  strongly  acid 
not  ciu'ded. 

Dunham's  solution:  24  hr.,  no  growth,  12  da.,  sediment  which  comes 
up  with  a  swirl,  no  clouding. 

Nitrate  peptone  solution:    24  hr.,  no  growth.    12  da.,  no  growth. 

Esculin  bile  solution:    24  hr.,  no  growth.    12  da.,  no  growth. 

Com  tube:  24  hr.,  gas  formation  in  bottom  of  tube.  12  da.,  gas  for- 
mation very  pronounced. 

PeoA  {tube)  anaerobic  (oil):  24  hr.,  gas  formation  abundant  and  con- 
tinues vigorously. 

String  bean  tube,  anaerobic  {oil):  24  hr.,  clouding  of  liquid  in  tube, 
small  amount  of  gas. 

Dextrose  gelatin  agar  slant — 0.5:  24  hr.,  growth  like  streptoeoccus. 
12  da.,  colonies  much  smaller  than  on  ordinary  dextrose  agar;  a  small 
amoimt  of  sediment  in  condensation  water. 

Gelatin  stab:  24  hr.,  no  growth.  12  da.,  no  growth. 

'^his  bacillus  is  an  example  of  the  type  of  organisms  very  frequently 
found  in  spoiling  canned  foods,  i.  e.  an  organism  difficult  to  isolate  on 
account  of  its  peculiar  cultural  requirements.  This  organism  grows  well 
on  no  medium  used  except  corn  agar  and  sterile  corn  and  peas.  This 
peculiarity  of  certain  organisms  is  very  frequently  the  explanation  why 
certain  spoiled  canned  foods  are  declared  sterile  or  the  organisms  isolated 
do  not  show  gas  production  in  ordinary  media." 


''A  sample  of  sausage  which  had  been  feeding  experiments  indicated 
that  it  was  not  poisonous  at  the  time  and  contained  no  toxin-producing 
organisms." 
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"A  sample  of  cottage  cheese  to  which  was  attributed  the  serious  ill- 
ness of  several  people  was  examined  for  B,  hotvlinus;  also  feeding  experi- 
ments were  performed  with  it.  The  animals  fed  did  not  become  sick,  but 
after  considerable  difficulty  and  delay  an  organism  resembling  B.  botulinus 
morphologically  and  culturally  was  isolated  from  the  cheese.  Its  toxin 
production  has  not  been  determined. 


"March  22,  1918,  five  cultures  of  5.  botulinus  were  added  to  No.  2, 
cans  of  asparagus,  string  beans,  beets,  carrots,  com,  peas,  and  tomatoes 
which  were  then  sealed  and  heated  in  the  hot  water  bath  for  the  time  pre- 
scribed for  processing  each  product  in  the  U.  S.  Dept.  of  Agriculture  re- 
cipes. In  July  1918,  these  were  opened,  shake  cultures  were  made  of  each 
into  gelatin  agar  and  resealed  but  not  reheated.  These  cultures  were 
examined  from  time  to  time  for  evidences  of  growth  and  presence  of  B. 
hotvlinus.  In  only  5  out  of  the  total  of  31  cane  inoculated  was  growth 
absent.  B.  botulinus  was  not  observed  in  the  culture  from  any  can. 
Seven  months  after  the  cans  were  opened  (11  months  after  they  were 
inoculated  and  heated)  five  cans  showed  evidences  of  either  a  swell,  leak, 
or  swell  and  leak  combined,  three  of  peas,  and  one  each  of  carrots,  and 
beets.  Microscopic  examination  of  the  juice  from  these  cans  showed  a 
fe#  very  poorly  staining  rods  in  the  beets,  long-chained  streptococci  and  a 
few  rods  in  the  carrots,  cocci  in  one  can  of  peas,  rods  in  the  other  two.  In 
one  can  of  peas  these  rods  contained  polar  spores  resembling  B.  botuUnits 
very  closely.  Subcultures  from  each  can  into  a  medium  favoring  B. 
botulimts  showed  nothing  with  four  of  the  cans.  The  remaining  one  which 
proved  to  be  the  one  typical  microscopically  was  foun^  to  contain  B. 
botulinus  in  a  living  condition. 

"An  article  by  Bovie  and  Bronfenbrenner*  contains  a  graph  which 
explains  why  resistant  spore-forming  organisms  survive  the  processing  in 
canning.  The  middle  of  the  can  contents  reaches  the  maximum  tem- 
perature but  for  a  few  minutes. 


"Miss  Ruth  Normington,  a  graduate  student  assistant  in  this  depart- 
ment has  been  working  largely  under  my  direction  this  past  year  and 
has  just  completed  a  most  satisfactory  master's  thesis  entitled,  'Studies 
in  the  Heat  Resistant  Organisms  of  Cold  Packed  Canned, Peas'.  This  will 
be  pubUshed  in  the  near  future. 

"The  Journal  of  Bacteriology  is  publishing  an  article  by  myself  and 
Ruth  Normington  entitled,  The  influence  of  Various  Chemical  and  Physi- 
cal Agencies  upon  Bacillus  botulinus  and  its  spores.    I.  Resistance  to  Salt.' 

"At  the  1919  meeting  of  the  Michigan  Academy  of  Science  an  article 
was  read  entitled  'The  Relation  of  B,  botulinus  to  certain  phases  of  home 
economics  and  agriculture'.  This  will  be  published  in  the  annual  report 
of  this  society. 


"Eleven  samples  of  silage,  one  of  hay  and  one  of  dry  stock  food  which 
had  caused  forage  poisoning  in  live  stock  were  sent  to  this  laboratory  for 
analysis.    Six  samples  of  silage  representing  silage  from  all  but  one  source 

*W.  T.  Borie  ftodJ.  Bronfenbrener,  Stodiet  on  Canning.  An  Appantiu  for  Measuring  the  Rate  of  Heat  Ftttetntion.  Jiicr. 
lad.  4  Bog.  Chen.  Vol  n,  No. «,  June  1919,  pp.  50M70. 
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contained  an  organism  resembling  B.  botuKnus  morphologically  and 
culturally,  and  the  toxin  from  the  culture  isolated  from  one  of  these 
samples  of  silage  resulted  in  the  death  of  the  experimental  animals  used. 
The  toxin  producing  power  of  the  other  cultures  has  not  definitely  been 
determined.  The  sample  of  hay  also  contained  organisms  of  this  type, 
while  those  isolated  from  the  dry  feed  were  doubtful. 

"The  fact  that  so  many  samples  of  questionable  silage  were  sent  in  for 
analysis  seems  to  suggest  that  forage  poisoning  from  this  source  is  more 
common  than  has  been  heretofore  supposed.  The  findings  at  this  experi- 
ment station  in  so  far  as  they  go,  correspond  very  closely  to  those  obtained 
in  the  Kentucky  and  Illinois  Experiment  Stations.  Indications  are 
that  forage  poisoning  is  fairly  common  in  this  state.  Because  of  this  fact 
its  more  thorough  study  at  this  Experiment  Station  should  not  be  dis- 
regarded, now  that  the  'ice  is  broken'  by  the  other  Stations  named 
and  work  in  a  small  way  has  been  done  here.  This  is  a  type  of  research 
requiring  a  very  considerable  amount  of  time,  which  has  not  been  available 
this  past  year. 

"Cultures  of  B.  botuHnus  are  continually  being  sent  out  to  various 
laboratories  and  experiment  stations  for  use  in  research  on  the  various 
problems  mentioned  in  this  report. 

"It  is  suggested  that  Michigan  be  second  only  to  California  in  sup- 
porting an  organization  resembling  her  'Botulism  Research  of  the  State 
Council  of  Defense.'  " 

REPORT  OF  VINEGAR  INVESTIGATIONS. 

"After  the  resignation  of  Mr.  C.  W.  Brown  December  1917,  the  vinegar 
studies  were  turned  over  to  me  but  as  instructional  duties  occupied  prac- 
tically all  of  my  time,  during  the  winter  and  spring  terms,  these  studies 
were  not  continued  until  summer  (1918).  At  this  time,  analyses  were 
made  of  28  barrels  of  cider  which  had  been  made  by  the  Horticulture 
Department  in  the  fall  of  1917  and  placed  in  cold  storage.  Eleven  of 
these  which  had  been  removed  later  to  the  Bacteriological  Department 
barn,  were  analyzed  by  Mr.  Brown,  October  19,  1917,  with  the  following 
results: 


Percent  acid 

Percent 

Bdl.  No. 

aa  acetic. 

alcohol 
bywt. 

1 

iO.4 

3.76 

i2 

0.45 

3.33 

3 

0.45 

3.29 

4 

0.45 

4.12 

5 

2.9 

2.67 

16 

0.45 

4.36 

7 

0.6 

5.65 

8 

l.l 

6.05 

•9 

0.55 

5.49 

10 

0.40 

4.48 

11 

0.65 

4.60 

"Sugar  was  present  in  all  samples.  Barrels  1,  2  and  3  were  marked 
with  a  negative  sign,  which  means  that  there  was  so  low  a  percentage  of  al- 
cohol and  sugar  left  that  market  standard  vinegar  (4  per  cent  acetic  acid), 
could  not  be  made.  Barrels  4,  5,  6,  10  and  11  were  marked  with  a  question 
mark  signifying  that  although  there  is  actually  enough  alcohol  present  to 
make  market  standard  vinegar,  the  margin  is  so  low  as  to  make  the  ulti- 
mate results  doubtful. 
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"Barrels  7,  8  and  9  were  passed  as  fully  capable  of  forming  sufficient 
acidity.  The  remaining  barrels  were  removed  from  cold  storage  to  the 
bam  in  July  1918.  Analyses  of  certain  of  these  and  of  the  former  barrels 
oUows: 


D»tc 
1018. 

1 

I 

? 

J 

Date 
1918. 

1 

1 

If 

Date. 

101& 

1 

Date. 

-6 
4 

1 

i 

9-30.... 

1 

3 

3 

7 
10 
11 

12 

13 
14 

15 

16 
17 

18 
10 
20 
21 
22 
28 
24 
25 
26 
27 
28 
20 
30 
31 
32 
33 
GI 

on 

34 
35 
40 
41 
42 
43 
45 

0.8 
0.7 
1.6 
1.1 
0.6 
1.3 

3.8 

0.7 
1.7 

0.8 

2.1 
0.6 

0.0 
0.4 
0.5 
3.1 
0.5 
2.8 
0.6 
L2 
1.0 
0.6 
0.7 
0.5 
1.1 
0.6 
0.6 
0.7 
5.2 
5.8 
0.0 
0.7 
1.8 
0.0 
0.0 
0.2 
0.7 

11-27 
0-30 

1.3 
0.8 

1-31-10 
1-31-10 

T4^ 

7-2«.... 

2.5 

2.18  . 
22.01* 

5.03 
10.17 

0.75 

0.32 
0.67 

3.58 

1.50 
4.5 

8.26 

8.88 
13.08 

7.12 

8.54 

7.0 

7.08 
17.2* 
13.74 

6.07 

0.16 
10.5 
12.7 

8.1 

8.02 

8.5 

— 

11-27 

2.0 

8-5 

8-21.... 

- 

0-30 
11-27 
8-22 

0-30 

0-30 
0-30 

0-30 

0-30 

1.7 
1.5 
0.9 

4.0 

0.8 
1.7 

0.7 

2.0 

7-24.... 

1-31-10 

3.2 

7-l».... 

5.05 

9-30 
11-27 

11-27 

7-24.... 

7-26.... 
7-26.... 

+  + 
+  +  + 

8.7 
1.8 

/1-31-18 
\5-20-10 
/1-31-18 
\5-20-10 

8.3 
8.0 
1.5 
0.6 

- 

+ 

1.09 

- 

11-27 

1.6 
4.4 

/1-31-18 
15-20-19 
/1-31-18 
\5-20-10 

1.4 
0.8 
6.2 
7.5 

8-22... 

3.48 

_ 

H-"^ 

7-24... 

2.47 

+ 

7-26.... 

S-6 

8-7 

0-80 
8-22 

1.8 
0.6 

iiii* 

0-8 
8-21 
8-21 
0-8 
0-8 
8-21 
0-8 

11-27 
9-0 
9-« 

3.6 
0.9 
2.4 

/1-81-18 
\5-20-10 
0-^0-18 
0-80-18 
»-«>-18 
9-30-18 
9-80-18 
9-80-18 

2.2 
1.4 
1.0 
8.0 
6.0 
0.7 
6.2 
1.4 

4.02 

Z" 

8-7... 

8-7 

8-22 

2.0 

6.28 

8-7 

8-8 

9.6 

8.9 

8-8 

8-22 

1.0 

4.26 

8-8 

8-8 

8-22 

2.2 

4.58 

0-8 

9-80-18 

4.0 

8-0 

8-0...  . 

9-30-18 
9-30-18 
9-30-18 
9-30-18 
0-30-18 

1.2 
1.5 
0.5 
4.5 
0.5 

8-0 

8-21 
9-3 
9-3 
8-21 
9-3 

9-6 

0.8 

8-10. . . . 

8-22 
8-21 

0.6 
1.5 

3.26 
4.14 

8-0 

8-10. . . . 

9-6 

0.6 
1.5 

8-10.... 

8-21 

0.5 

5.36 

7-10. . . . 

5-20-10 

0.8t 

2.86 

__ 

7-10.... 

8-21... 

5.10 

7.08 

2.5 

1.6 

1.6 

3.14 

4.65 

0-30 
0-30 
11-29 
11-20 
11-20 

3.4 
1.2 
2.0 
1.7 
1.6 

8-21.... 

11-2  ... 

V 

1.65 
1.80 

11-2 
11-2 
11-2 

5-20-10 
5-20-10 
5-20-19 

0.0 
0.5 
2.5 

4.90 
4.22 
2.46 

+ 

11-2.... 

+ 

11-2 

4. 

5-20.... 

5-20 

*Probably  a  mistake  in  caloulationfl. 

fThe  hi^ly  acid  vinegar  liad  been  removed  in  the  fall  and  replaced  with  new  cider.  This  is  evidently  a  poor  praotioe. 

''By  comparing  these  data  it  will  be  seen  that  the  acid  and  alcohol 
content  of  the  different  barrels  of  cider  fluctuated  considerably,  but  more 
often  steadily  but  slowly  decreased  over  a  period  of  months. 

''Only  seven  out  of  the  thirty-seven  barrels  studied  attained  mar- 
ket standard  acidity.  These  were  barrels  Nos.  12,  16,  17,  21,  23,  26,  and 
31.  Of  these  barrels,  Nos.  12,  16,  17  still  contained  Bad.  aceii  in  sufficient 
numbers  even  after  several  months  sojourn  in  cold  storage  so  that  in- 
oculation was  unnecessary.  The  contents  of  by  far  the  greater  number  of 
barrels,  however,  were  so  injured  by  the  microbial  processes  which  took 
place  at  the  low  temperature  that  only  four  out  of  sixteen  barrels  inoculated 
with  Bad.  aceii  were  in  a  proper  condition  to  form  market  standard 
vinegar  after  inoculation.  It  is  thus  quite  evident  that  it  is  not  an  eco- 
nomic proposition  to  place  sweet  cider  immediately,  or  at  any  time  for 
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that  matter  for  any  length  of  time,  at  a  cold  or  even  a  cool  temperature  if 
it  is  to  be  made  into  vinegar.  The  best  temperature  to  maintain  through- 
out the  vinegar  fermentation  process  is  about  75  degrees  Fahr. 

"The  contents  of  certain  of  the  above  barrels  at  the  first  analysis  did 
not  contain  sufficient  acid,  nor  enough  alcohol,  to  raise  the  percentage  of 
acidity  up  to  market  standard  so  an  experiment  was  undertaken  in  a 
small  way  to  determine  whether  the  addition  of  sugar  and  inoculation 
with  Sacch,  eUipsoideus  would  have  any  effect  in  raising  the  percentage 
of  alcohol  and  consequently  acid.  Five  hundred  cubic  centimeters  of 
each  sample  were  treated  as  follows  and  inoculated  with  Sacch.  eUipsoideus 


Sugar  added. 

Later  addiUoiuL 

Peroent 

Barrel  Number. 

Amt. 

00. 

Kind. 

Acidity 
2  montha 
afterward. 

3 

50 
50 
60 
50 
50 
50 
50 

Karo 

Karo 

Karo 

Karo 

Karo  .... 

Karo 

Karo 

100  CO.  Karo 

2  0 

12 

100  00.  Karo 

4.8 

13 

100 00.  Karo....  100 oe.  Duff's molaases  .... 
100  00.  Karo 

2  1 

14 

3.9 

16 

100  CO.  Karo 

6.2 

19 

100  00.  Karo ... 

4.5 

28 

100  00.  Karo 

4.2 

Karo  was  used  on  account  of  the  sugar  shortage.  If  no  fermentation  was 
noted  in  the  course  of  a  few  days,  other  additions  of  sugar  were  made.  If 
these  results  are  any  indication  of  those  which  would  have  been  obtained 
had  sugar  in  some  form  been  added  to  the  contents  of  the  several  barrels, 
then  the  addition  of  these  amounts  of  sugar  would  have  assisted  consider- 
ably in  the  case  of  barrels  Nos.  3  and  13,  and  greatly  with  barrels,  Nos. 
14,  19,  and  28,  while  it  would  have  been  unnecessary  with  barrels  Nos. 
12  and  16.  Unfortunately  it  is  difficult  to  predict  exactly  just  what  will 
happen  in  the  barrel  but  if  these  few  experiments  can  be  taken  at  their 
face  value  then  the  addition  of  sugar  to  weak  vinegar  followed  by  inocula- 
tion with  the  desirable  yeast5.is_toybe*recommended  under J^similar  cir- 
cumstances. " 

"Honey  vinegar  of  most  excellent  quality  and  high  acidity  has  been 
made  by  Prof.  R.  H.  Petti t  of  the  Entomological  Division  of  this  station 
by  diluting  the  honey,  adding  small  amounts  of  peptone  and  potassium 
phosphate  for  additional  nutriment  and  inoculating  with  pure  cultures  of 
Sacch,  eUipsoideus  and  Bad>.  aceii.  The  elements  contained  in  the  chemicals 
above  named  are  very  necessary  for  the  rapid  development  of  the  yeast 
but  as  they  are  not  only  hard  to  obtain  in  this  form  but  expensive,  ex- 
periments have  been  carried  out  using  a  number  of  different  combinations 
of  these  same  elements  in  a  form  which  can  be  obtained  readily  and  with 
small  expense  at  any  drug  store,  comparing  these  results  with  those  ob- 
tained from  the  use  of  the  more  expensive  ones. 


''The  following  formulae  were  used: 
I 
250.00  c.c.  diluted  honey 
1.18  gm.  (NHOi  SO4 
0.20  gm.  KH2PO4 
0.025  gm.  MgS04 


II 
250.00  c.c.  diluted  honey 
0.20  gm.  KH2PO4 
0.50  gm.  peptone 
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III 

250.00  c.c.  diluted  honey 
0.20  gm.  KH2PO4 
0.50  gm.  Liebig's  meat  extract 

V 
250.00  c.c.  diluted  honey 
0.025  gm.  (CHOHCOONH4)2 
0.20  gm.  KH2PO4 

VII 
250.00  c.c.  diluted  honey 
0.40  gm.  (CHOHCOOK), 
0.025  gm.  (NH4)sP04 
Trace  of  peptone 

■    IX 
250.00  c.c.  diluted  honey 
0.25  gm.  NH4CI 
0.125  gm.  NaHjPOi 
0.125  gm.  KHCO, 
(From  Arizona  Bul.  60) 


250.00  c.c. 
0.20  gm 


IV 
diluted  honey 
KH,P04 

VI 


250.00  c.c.  diluted  honey 
0.20gm.KH,PO4 
0.30  gm.  asparagin 

VIII 
250.00  c.c.  diluted  honey 
0.40  gm.  (CHOHCOOK), 
0.25  gm.  (NH4),P04 


250.00  c.c.  diluted  honey 
0.25  ,gm.  KHjPO* 
0.25" gm.  NH4CI 


MAXIMUM  ACIDITY  OBTAINED. 

FlMk. 

I 

II 

m 

IV 

V 

VI 

vn 

vra 

IX 

X 

Pereent 
sugar. 

Percent  acid  ftsaeetio 

4.1 
1.5 

**• 

4.5 
3.3 
1.6 

4.0 
4.0 
7.3 

2.9 
1.5 
1.8 

5.6 
2.4 
6.4 

4.4 

3.0 
0.7 

3.7 
2.7 
3.2 

3.8 

•  • 

2.3 
4.8 

• 

1.8 
1.6 

• 
3.9 
6.0 

These  cultures  were  less  than  3  mo  old 

10 
15 

*These  solutions  were  not  tried  the  first  time. 
**Contanunated  with  mold. 
•••Flask  broken. 

'Trom  the  above  results,  the  combination  represented  in  flask  VIII 
is  suggested  as  available  for  general  use  with  honey  diluted  to  15  per  cent 
sugar.  ■ 

*'A  small  experiment  was  carried  out  using  maple  syrup  diluted  to 
15  and  also  to  10  per  cent  of  sugar,  sterilized  and  inoculated  with  no  ad- 
ditions of  chemicals.  The  alcoholic  fermentation  did  not  progress  very 
rapidly  so  a  small  amount  of  nitrogen  was  added  in  the  form  of  0.5  c.c.  of 
egg  white  which  had  been  removed  aseptically.  The  flasks  to  which 
this  was  added  showed  a  marked  increase  in  fermentation  over  the  ones 
to  which  nothing  at  all  had  been  added.  This  suggests  that  the  addition 
of  a  part  of  the  white  of  an  egg  might  be  desirable  as  a  source  of  nitrogen 
easily  available,  not  only  to  the  yeast  as  food,  but  to  the  farmer  instead 
of  the  more  expensive  chemicals.  Further  experiments  along  this  line 
are   suggested. 
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"Different  combinations  of  diluted  maple  syrup  with  various  chemicals 
were  also  tried  out.  The  following  combinations  were  made  and  added  to 
250  c.c.  maple  S3n-up  diluted  to  15  per  cent  sugar. 


0.05gm.  (NHOtSO* 
0.05  gm.  NaHjPO*  . 
0.05  gm.  Rochelle  salts 

III 
0.20  gm.  beef  extract 
0.05  gm.  NaH,P04 
0.05  gm.  Rochelle  salts 

V 
0.1    c.c.  egg  white 
0.01  gm.  (NHOiHPO, 
0.02  gm.  Rochelle  salts 

YII 
0.01  gm.  NH4CI 
0.01  gm.  NasHPO* 

IX 

0.1    gm.  (NHOjSO. 
0.1    gm.  NaHjPO. 
0.05  gm.  KNO, 


II 

0.1    c.c.  egg  white 
0.05  gm.  NaH,P04 
0.05  gm.  Rochelle  salts 

IV 
0.05  gm.  NaH,P04 
0.05  gm.  Rochelle  salts 

VI 
0.01  gm.  (NH4),HP0. 
0.02  gm.  Rochelle  salts 

viii 

0.01  gm.  NH4CI 
0.05  gm.  NaH,P04 
0.05  gm.  Rochelle  salts 

X 

0.1  gm.  (NH4),S04 
0.1  gm.  NaH,PO« 


"The  flasks  which  had  been  inoculated  in  January  1919  with  Sacch. 
ellipsoideus  were  inoculated  March  15th  with  Bact.  aceti. 


PER  CENT  ACETIC  ACID. 

Flask 

I 

II 

III 

IV 

V 

April  15 

a 

b 

a 

b 

a 

b 

a 

b 

a 

b 

May  20 

0.6 
4.0 

0.4 
1.6 

0.7 
1.6 

0.3 
4.1- 

0.6 
0.9 

0.4 
0.6 

2.9 
1.6 

1.4 
2.3 

0.2 
2.6 

0.3 
1.3 

Flask 

VI 

VII 

VIII 

IX 

X 

April  15 

a 

b'^-^ 

a 

b 

a 

b 

a 

b 

a 

b 

Majfc  20 

0.2 
1.4 

0.3 
0.8 

.0.2 
1.6 

0.3 
0.6 

0.2 
1.0 

0.4 
4.5 

1.2 
0.8 

0.3 
4.0 

0.3 
5.0 

0.2 
4.2 

''This  suggests  that  the  addition  of  certain  chemicals  as  yeast  food 
will  greatly  hasten  the  acetic  fermentation.  The  combination  in  solution 
X  is  recommended  for  general  use. 

"A  short  experiment  was  carried  out  in  the  use  of  waste  tomatoes  for 
vinegar  making.  It  was  found  that  fully  ripe  tomatoes  lend  themselves 
best  to  this  fermentation  process.    The  tomatoes  were  washed,  blanchedi 
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cold  dipped  and  the  skins  removed;  sliced  two  or  three  times,  put  in  an 
agate-ware  pail  and  heated  to  the  boiling  point  for  a  few  minutes  to  extract 
the  juice  (no  water  is  added),  then  strained  through  clean  cheesecloth.  The 
juice  so  obtained  was  used  alone  and  with  10,  20,  30  and  40  per  cent  ad- 
ditions of  Earo,  inoculting  it  in  each  case  with  a  pure  culture  of  Sacch. 
eUipsoideris,  later  with  Bad.  aceti  with  the  following  results. 


PER  CENT  AOBTIO  ACID. 


Juloe  plus  Karo. 

Juloe  alone *. . 

10% 

20% 

30% 

40% 

0.9 

Broken 

4.1 

3.8 

8  9 

"Twelve  days  after  inoculation  with  Bad.  aceti,  in  all  three  weeks  after 
inoculation  with  the  wine  yeast,  practically  market  standard  vinegar  was 
made  in  every  case  where  sugar  had  been  added.  This  vinegar  is  of  good 
quaUty  and  has  the  tomato  flavor  making  it  particularly  desirable  in 
certain  types  of  salads.  Tomatoes  imsuited  for  canning  can  thus  be 
utilized  to  advantage.  It  is  particularly  advisable  to  pasteurize 
this  type  of  vinegar  when  it  reaches  its  highest  acidity  as  it  still  contains 
considerable  food  material  and  microorganisms  which  will  attack  it  and 
ultimately  destroy  the  acid. 

"Another  experiment  was  conducted  to  ascertain  the  various  con- 
centrations of  cider  under  which  the  vinegar  fermentation  organisms 
will  work.  The  data  are  incomplete  but  the  results  so  far  obtained  sug- 
gest strongly  first  that  cider  for  vinegar-making  will  not  bear  much  di- 
lution "^^  and  that  cider  which  has  been  boiled  down  to  half  of  its  original 
volume  still  can  undergo  the  various  stages  of  the  vinegar  fermentation. 
When  boiled  down  to  a  third  and  to  a  fourth  of  its  original  volume,  the 
cider  would  not  undergo  fermentation. 

"Whey  vinegar  was  also  attempted  in  an  efifort  to  ascertain  whether 
this  would  be  a  practicable  method  of  conserving  the  whey  from  Cheddar 
cheese  making.  The  suggestion  was  obtained  from  an  article  on  ^Vinegar 
of  Milk'  found  in  a  French  periodical.  This  article  suggested  that  it  was 
practical  only  to  add  sugar  or  to  evaporate  the  whey  down  to  half  its  ori- 
ginal volume  as  only  about  5*  per  cent  of  lactose  (milk  sugar)  is  present. 
The  flasks  inoculated  February  18,  1919  with  a  lactose-fermenting  yeast 
were  inoculated  with  Bad.  aceti  April  11th. 

"The  table  following  shows  the  results  in  brief: 


Flask 

Percent 

alcohol 

April  10,  1919. 

Per  cent 

acid 

May  24.  1919. 

I 

Whey 

2.90 

2.2 

II 

Concentrated  Whey 

4.06 

2.5 

III 

Whey  plus  6  %  sucrose 

6.11 

3.8 

IV 

whAv  dIus  5  %  dextrose ,,.,,,.,..  ^ . 

4.30 

3.1 

V 

Whev  nlus  6  %  lactose 

4.95 

4.4 

*Lift«r  I  found  tint  tiMBeiwultoeoinoide  with  tbOM  of  B.T.P.Btfker  of  tbo  Nfttkna  Ihat  and  Cider  Imlituto  of 
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"During  the  alcoholic  fermentation  the  colloids  which  make  the  whey 
cloudy  are  separated  out  and  after  inoculation  with  Bad.  aceti  when  a  con- 
siderable amount  of  acid  is  present,  the  whey  becomes  very  clear  and  is 
of  a  light  straw  color.  The  taste  of  whey  vinegar  resembles  that  of 
whfey  soured  by  Bad.  bulgaricum  and  is  not  wholly  pleasant  to  my  taste 
at  least.  It  is  quite  evident  that  the  addition  of  sugar  is  necessary, 
and  whether  under  these  circumstances  the  manufacture  of  whey  vinegar 
would  be  of  economic  value  is  a  question. 

"Pure  cultures  for  vinegar  making  were  instituted  in  1910  at  this 
laboratory.  However,  the  August  1918  quarterly  bulletin  contained 
the  first  advertisement  put  out  for  some  time,  that  the  College  Bacterio- 
lojrical  Laboratory  could  furnish  such  pure  cultures.  That  there  was  a 
call  for  some  such  thing  to  make  vinegar-making  successful  is  evidenced 
by  the  orders  for  cultures.  At  first  the  yeast  arid  bacteria  necessary 
for  the  vinegar  fermentation  were  sent  out  in  a  combined  culture,  for 
twenty-five  cents  a  culture,  but  experience  has  proven  that  in  reality  the 
so-called  vinegar  fermentation  is  two  successive  fermentations,  the  second 
depending  on  the  first,  and  the  organisms  (yeasts)  of  the  first  stage  of 
the  vinegar  process  were  hindered  in  their  activities,  often  checked  en- 
tirely even  by  the  presence  of  the  vinegar  bacteria  and  their  products. 
-Consequently  it  was  considered  a  wise  step  not  to  continue  sending  out 
mixed  cultures,  so  beginning  with  the  year  1919,  the  wine  yeast  and  vine- 
gar bacteria  were  sent  out  separately  for  twenty  five  cents  per  culture. 

"The  following  is  the  report  of  vinegar  cultures  sent  out  from  August  20, 
1918  to  June  25,  1919  inclusive. 


Mixed 
cultures. 

Sacch.  ellipaoideus. 

Bact.  aceti. 

Total. 

132 

16 

31 

179 

"As  yet  a  very  few  reports  have  been  received  from  those  using  pure 
cultures,  some  are  favorable  and  others  are  unfavorable  as  would  be  ex- 
pected. 

"Thirty  analyses  were  made  of  cider  or  of  vinegars  which  were  not 
attaining  sufficient  acidity,  and  upon  the  results  of  these  analyses,  ad- 
vice was  given  for  treatment.  The  table  showing  these  results  follows: 
(The  Hort.  Dept.  vinegar  is  not  included  in  these  results). 
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"An  increasing  number  of  requests  for  information  concerning  vinegar 
making  and  vinegar  'bees*  is  being  received  from  people  both  within  and 
without  the  state.  Correspondence  has  been  carried  on  with  several 
people  in  Iowa,  Illinois,  North  Dakota,  New  York,  and  Nebraska,  and 
vinegar  cultures  have  been  sent  to  one  or  more  people  in  each  of  these 
states.  So  many  requests  for  information  or  cultures  were  received  form 
Iowa  that  the  suggestion  was  made  that  perhaps  their  own  state  Agricul- 
tural College  Bacteriological  Laboratory  could  fill  their  needs  more  satis- 
factorily. Shortly  afterwards  a  request  was  received  from  the  Iowa  State 
College  Bacteriological  Laboratory  for  pure  cultures  of  Sacch.  ellipsoidena 
and  Bad.  aceti.    These  were  sent  gratis. 

"One  firm  sent  a  request  for  a  sample  yeast  culture,  requesting  quota- 
tions on  quantities,  to  furnish  its  patrons  along  with  apple  cider  so  that 
they  might  make  their  own  apple  wine — a  practice  which  is  allowed  in 
their  state.  A  culture  was  sent  .with  the  suggestion  that  they  employ 
some  one  to  propagate  it  if  desired. 

"Practically  all  of  these  requests  for  information  or  cultures  call  for 
a  letter  of  explanation  and  as  many  of  these  letters  have  to  be  quite 
lengthy  and  a  repetition  of  one  another  more  or  less,  it  seemed  that  a 
popular  bulletin  on  vinegar-making  as  it  applies  to  farm  conditions  would 
meet  the  increasing  demand.    Such  a  bulletin  has  been  prepared. 

Mr.  Ruehle  has  devoted  a  portion  of  his  time  to  other  matters  than 
his  main  project  discussed  elsewhere  in  this  report.  He  was  under  the 
necessity  of  teaching  the  classes  in  dairy  bacteriology  because  of  the 
absence  of  Mr.  Cooledge  with  the  A.  E.  F.  He  reports  on  this  work  as 
follows: 

"The  work  of  a  popular  nature  consisted  in  (a)  monthly  analyses, 
grading  and  inspection  of  the  East  Lansing  milk  supply,  (b)  answering 
numerous  letters  of  inquiry,  (c)  making  analyses  of  dairy  products  from 
dairies  having  various  kinds  of  troubles  as  follows* 

"(1)  Sediment  and  bacteriological  tests  of  the  milk  as  delivered  to  Wells, 
Abbott,  and  Williams  Halls,  when  they  were  used  as  military  barracks. 
The  results  were  reported  to  the  medical  oflScers  in  charge  of  sanitation. 

"(2)  Ten  samples  of  unsweetened  evaporated  milk  were  examined  at 
various  times  for  sterility.    All  were  found  sterile. 

"(3)  Three  chemical  analyses  of  solutions  of  chloride  of  lime  used  by  a 
dairy  for  keeping  the  rubber  parts  of  a  milking  machine  sterile.  Two  were 
found  to  contain  only  the  merest  tract  of  available  chlorine,  while  the  third 
contained  a  satisfactory  amount. 

"(4)  Two  samples  of  milk  brought  to  the  laboratory  by  students 
at  boarding  houses  in  East  Lansing.  The  first,  examined  during  the 
winter,  contained  3,200.00  bacteria  per  cubic  centimeter  mostly  of  the 
lactic  type.  The  second,  received  in  June  1919,  contained  many  millions 
a<s  shown  by  a  microscopic  examination.    There  was  a  mixed  flora  present. 

"(5)  Two  cases  of  bitter  milk  fermentation  were  reported  by  dairy 
farmers.  In  both  cases,  analyses  of  the  milk  showed  the  presence  of 
liquefying  organisms  which,  when  inoculated  into  sterile  milk,  pro- 
duced a  bitter  flavor,  identical  with  the  original  trouble. 

"(6)  Two  samples  of  cow's  milk  were  analysed  for  butter  fat  for  farmers 
by  the  Babcock  method  and  a  sample  of  human  milk  was  tested  for  fat 
and  solids. 

"(7)  Samples  of  milk  from  a  farmer  who  was  having  trouble  with 
slimy  milk,  which  developed  after  the  milk  was  drawn  were  sent  to  the 
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laboratory^for  analysis.  At^the  present  writing  a  very  short  rodnshaped 
organism  has  been  isolated;  which  produces  a  sliminess  when  inoculated 
into  sterile  milk  tubes.  The  farmer  has  been  advised  to  thoroughly  sterilize 
all  his  utensils  and  to  avoid  getting  any  water  into  the  milk  during  cooling. 
It  is  not  known  whether  the  instructions  are  being  carried  out. 

"(8)  Considerable  investigation  has  been  made  of  a  serious  trouble  in 
a  dried  milk  plant.  The  trouble  consists  of  excessive  foaming  of  the 
separated  milk  and  of  subsequent  burning  on  the  coils  of  the  vacuum  pan. 
The  trouble  is  still  being  investigated  and  the  partial  results  secured 
should  not  be  reported  at  the  present  time." 

Research  Assistant  C.  G.  Nobles  returned  and  resumed  his  work  in  Jan- 
uary of  this  year,  but  resigned  April  1st  to  engage  in  farming  in  New  York 
state.  He  was  a  good  worker  and  carried  on  his  investigations  and  routine 
duties  faithfully  at  all  times.  We  were  fortunate  in  procuring  immediately 
the  services  of  Dr.  Robert  M.  Snyder  to  carry  on  the  project  without  any 
halt  or  delay.    Dr.  Snyder  reports  as  follows:        • 

"The  work  with  the  symbiotic  and  non-symbiotic  nitrogen  fixing 
organisms  has  been  conducted  by  Mr.  Charles  G.  Nobles  up  imtil  Aprfl 
first  of  this  year.  The  research  carried  on  by  Ml*.  Nobles  concerned  it- 
self primarily  with  the  influence  of  soil  type  and  soil  fertility  on  nodule 
formation.  This  work  is  being  continued  now  after  an  unavoidable 
interruption  due  to  the  war.  Field  studies  have  been  outlined  for.  this 
summer  which  will,  it  is  hoped  throw  fiu-ther  light  on  this  problem. 
During  the  coming  year  nitrogen  fixation  studies  will  be  imdertaken  in 
connection  with  Adams  project  2c. 

"Only  a  few  reports  on  legume  inoculation  have  been  received  this 
past  year  from  farmers  and  others  to  whom  cultures  have  been  sent. 
In  order  that  more  information  as  to  the  exact  measure  of  success  at- 
tending the  inoculation  of  certain  legumes  may  be  obtained,  it  seems 
desirable  that  those  using  cultures  be  more  forcibly  impressed  with  their 
obligation  to  report  the  results.  Efforts  will  be  made  to  obtain  this  infor- 
mation through  coimty  agents,  and  by  circulars  sent  to  the  farmers  at  the 
close  of  the  year." 


CULTURES  SENT  OUT  FROM  JULY  1, 

1918.  TO  JULY  1.  1919. 

•Alf. 

ac. 

26 

R.C. 
11 

A.C. 
2 

W.C. 

F.B. 

aB. 

G.B. 

P.P. 

C.P. 

V. 

G.P. 

Total 

Joly 

2M 

17 

1 

48 

879 

Ancnst 

329 

23 

27 

2 

1 

6 

143 

631 

September 

66 

11 

7 

1 

99 

183 

Oetober  to  March 

609 

246 

202 

86 

1 

2 

3 

20 

19 

3 

1,040 

April 

1.563 

662 

317 

88 

3 

67 

3 

132 

6 

62 

8 

2,761 

May 

695 

161 

39 

9 

3 

16 

633 

6 

41 

16 

20 

3 

1.643 

Jiine 

609 

61 

80 

1 

66 

367 

23 

6 

1,160 

TVjtal 

4.036 

1.081 

633 

89 

4 

86 

1.097 

8 

193 

62 

396 

14 

7.688 

*A]f..  alfiUa;  &  C.  sweet  clover;  R.  C.  red  olov^r;  A.  C.  alailce  olover;  W.  C,  white  clover;  F.  B.,  field  bean;  &  B., 
aoy  bean;  O.  B..  puden  bean;  P.  P.,  field  pea;  C.  P.,  oow  pea;  V.,  Vetch;  O.  P..  garden  pea. 
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Assistant  Bacteriologist  F.  W.  Fabian  has  had  very  little  time  to 
devote  to  experimental  work  during  the  year.  He  did  not  leave  the 
army  imtil  the  close  of  1918  and  has  been  overburdened  with  classroom 
work  since.    He  reports  as  follows : 

''Work  was  started  in  Jime  in  conjimction  with  Mr.  G.  L.  A.  Ruehle 
on  a  comparison  of  three  different  methods  of  titrating  bacterological 
culture  media  with  a  view  of  determining  which  was  best  suited  to  labora- 
tory routine  and  which  method  would  give  the  most  uniform  and  correct 
results  when  samples  of  water  obtained  from  different  sources  were  used. 
The  hydron  ion  concentration  was  also  determined  for  each  sample  of 
water  and  likewise  for  each  kind  of  media  titrated." 

Each  year  we  are  called  upon  to  make  a  number  of  analyses  of  watier 
samples  from  the  rural  sections  of  the  State.  Mr.  W.  L.  Mallmann  has 
interested  himself  in  that  work  during  the  past  year  and  reports  in  sum* 
mary: 

"During  the  past  yeSr,  120  samples  of  water  were  tested  from  various 

?arts  of  the  State.  Fifty-five  of  these  samples  were  from  rural  districts 
*he  greater  portion  of  the  samples  were  taken  from  open  shallow  wells  or 
shallow  driven  wells.  *Unfortimately,  data  concerning  the  well  and  its 
surroundings  did  not  always  accompany  each  sample  nor  was  information 
always  received  through  later  correspondence.  The  data  if  obtained 
would  probably  give  some  interesting  information. 

*'0f  the  55  samples  from  rural  districts  16  were  pronounced  unfit  for 
domestic  use  without  boiling.  This  number  is  not  high,  considering  the 
fact  that  all  the  samples  received  were  suspected  of  pollution. 

"At  intervals  the  College  and  East  Lansing  water  supplies  have  been 
examined!  Every  test  showed  the  water  to  be  free  from  any  contamina- 
tion. 

"During  the  winter,  a  survey  of  the  septic  tanks  instaUedby  the  College 
was  made  by  the  Farm  Mechanics  Department.  Working  in  cooperation 
with  them,  samples  of  well  water  collected  at  the  farms  visited  were  ob- 
tained and  shipped  to  the  laboratory.  In  all  18  samples  were  tested. 
Five  samples  were  obtained  from  deep  wells.  None  of  these  showed  pollu- 
tion. The  remaining  13  samples  were  obtained  from  shallow  driven  or 
open  wells.  Four  of  these  wells  showed  decided  pollution,  the  coimt 
running  as  high  as  140,000  bacteria  per  c.c.  The  other  samples  did  not 
show  any  colon  organisms  but  showed  a  high  count.  Most  shallow  wells 
show  a  high  bacterial  count  due  to  the  surface  water  entering  the  well." 

In  conclusion  I  wish  to  commend  highly  the  members  of  the  depart- 
mental staff  for  the  past  year  for  their  loyalty  and  devotion  to  their  prob- 
lems under  exceptional  circumstances,  to  thank  you  for  your  patient  and 
kindly  attitude  at  all  times  toward  our  work  and  to  express  the  hope  that 
not  only  may  our  staff  be  restored  to  its  full  quota,  but  that  more  men 
and  fimds  may  be  made  available  forthemany  important  problems  discussed 
in  this  report. 

Respectfully, 
WARD  GILTNER, 

Bacteriologist. 
East  Lansing,  June  30,  1919. 
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REPORT  OF  THE  BOTANICAL  SECTION. 

Dean  R.  S.  Shaw,  College. 

Dear  Dean  Shaw — I  wish  to  make  the  following  report  for  the  work 
of  the  Botannical  Section  for  the  year  ending  June  30,  1919. 

The  chief  work  of  the  section  has  been  along  the  lines  of  Plant  Physiology 
and  Plant  Pathology,  respectivaly  under  Dr.  R.  P.  Hibbard  and  Dr.  G.  H. 
Coons,  whose  reports  are  appended  herewith  as  part  of  my  report. 

Owing, to  war  conditions,  Dr.  G.  H.  Coons  devoted  less  time  to  his 
Adams  project  inasmuch  as  the  results  to  be  obtained  from  that  would  not 
be  so  easily  and  immediately  applicable  to  agricultural  practices.  He 
devoted  a  portion  of  his  time  to  work  with  the  War  Board  of  Plant  Path- 
ologists, a  body  consisting  of  pathologists  chosen  from  all  over  the  United 
States  and  Canada  for  the  purpose  of  collaborating  in  the  investigation 
and  demonstration  of  plant  disease  control,  so  that  the  most  important 
problems  should  be  emphasized  and  the  less  important  ones  passed  by 
until  the  war  should  be  over. 

The  work  of  this  Board  was  of  very  great  value  inasmuch  as  it  made 
possible  the  much  closer  cooperation  of  the  Plant  Pathologists  of  the 
different  states  in  the  investigation  of  smut  control  methods,  potato 
diseases,  etc. 

Mr.  H.  C.  Young  began  the  investigation  of  a  very  important  project 
on  plant  nutrition,  but  had  to  suspend  the  work  in  order  to  enter  the 
United  States  Army,  from  which  he  expects  soon  to  be  released. 

Owing  to  necessity  of  outside  war  work  in  teaching  S.  A.  T.  C.  classes 
and  on  account  of  the  reduced  teaching  force,  I  was  unable  to  continue 
with  my  experiments  on  electrical  determination  of  viability  of  seeds. 

On  accoimt  of  the  war  the  U.  S.  Department  of  Agriculture  and  the 
Heinz  Pickle  Company  thought  it  imwise  to  renew  their  cooperative 
agreement  with  this  Experiment  Station  regarding  pickle  diseases,  in 
particular  cucumber  mosaic.  I  have  been  carrying  on  some  experiments 
on  this  subject  throughout  the  winter  and  spring,  but  have  been  sadly 
handicapped  by  inadequate  greenhouse  facilities,  for  these  investigations 
require  living  plants  as  a  disease  cannot  be  studied  except  in  actively 
growing  plants.  The  causal  organism  is  not  known  and  has  never  been 
grown  outside  of  its  host.  The  investigation  has  a  wider  value  than  the 
cucumber  crop  merely,  for  other  plants  are  badly  reduced  in  their  yield 
by  similar  mosaic  diseases  which  may  or  may  not  be  caused  by  the  same 
pathogene.  These  plants  are  potato,  tomato,  bean,  soy  bean,  clover, 
tobacco,  etc.  Of  these  the  potato  mosaic  threatens  to  become  a  very 
serious  factor,  particularly  in  the  Upper  Peninsula.  It  seems  probable 
that  any  light  that  can  be  thrown  on  one  of  these  diseases  will  help  the 
understanding  of  the  others. 

The  Experiment  Station  staff  at  the  beginning  of  the  fiscal  year  con- 
sisted, so  far  as  botanical  researches  are  concerned,  of  myself  devoting  a 
small  portion  of  my  time  to  the  work,  except  during  the  summer;  Dr.  R.  P. 
Hibbard  who  devotes  about  two-fifths  of  his  time  to  teaching  Plant 
Physiology  and  the  remainder  to  his  research  work;  and  Dr.  G.  H.  Coons 
with  about  the  same  proportion  of  his  time  to  teaching  and  investigating 
Plant  Pathology;  H.  C.  Young  devoting  full  time  to  a  physiological  prob- 
lem.   As  mentioned  above  Mr.  Yoimg  left  at  the  end  of  August.    About 
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March  1st  Mr.  Ray  Nelson  returned  to  the  position  to  which  he  has  been 
appointed  the  year  before  but  from  which  he  was  called  by  the  draft 
shortly  after  beginning  his  work.  Mr.  Nelson  devotes  full  time  to  inves- 
tigating plant  diseases. 

Respectfully  submitted, 

E.  A.  BESSEY, 
Botanist. 
East  Lansing,  June  30,  1919. 

Professor  E.  A.  Bessey,  East  Lansing,  Michigan. 

Dear  Professor  Bessey — In  accordance  with  your  request  I  herewith 
submit  the  report  of  work  in  Plant  Physiology  for  the  fiscal  year  ending 
June  30, 1919. 

As  per  the  plan  of  previous  years  the  work  has  been  divided  between  . 
the  Experiment  Station  and  the  College,  the  allotment  of  time  being  ap- 
proximately the  same  as  during  the  last  fiscal  year. 

ADAMS  FUND  WORK. 

The  Adams  project  (Adams  2d),  entitled  "The  absorption  of  solutes 
with  special  reference  to  balanced  solutions",  was  pursued  actively.  It 
has  assumed  large  proportions  and  is  being  carried  on  in  the  field  on  a  large 
scale.  The  practical  application  of  this  project  rests  in  working  out  from 
the  datit  collected  and  to  be  collected  a  logical  and  reasonable  method 
for  determining  the  fertilizer  requirements  of  soils  and  crops.  The  evi- 
dence so  far  is  very  strong  in  favor  of  adopting  a  certain  method,  but 
further  field  work  should  be  done  for  a  period  of  several  years,  so  that  defi- 
nite conclusions  can  be  drawn.  ThepJan  should  also  be  modified  to  include 
the  idea  of  crop  rotations.  Similar  work  is  being  done  at  the  Maine  and 
Pennsylvania  Experiment  Stations.  At  both  of  these  stations  the  work 
is  under  the  direction  of  one  man.  The  problem  here  was  independently 
conceived  and  planned,  and  worked  out  as  a  result  of  laboratory  and 
greenhouse  study  carried  on  here  for  the  past  several  years.  Our  first 
field  studies  were  started  on  an  acre  of  land  in  Field  10,  during  the  summer 
of  1918.  The  results  show  that,  for  the  particular  soil  used  and  under  the 
then  existing  climatic  and  environmental  conditions,  an  application  of  a 
mixed  fertilizer  containing  a  large  amount  of  acid  phosphate  gave  the 
greatest  yield  of  oat  grain  and  straw.  That  acid  phosphate  alone  would 
not  be  the  best  fertilizer  treatment  was  shown  by  a  poorer  yield  of  grain 
on  the  plot  treated  with  acid  phosphate  only.  Where  a  little  sulphate  of 
potash  and  sodium  nitrate  were  used  in  conjunction  with  the  acid  phos- 
phate the  best  yield  was  obtained.  This  shows,  as  has  also  been  shown  in 
greenhouse  and  laboratory  work,  that  the  evidence  is  strongly  m  favor  of 
the  use  of  other  fertilizer  salts  to  correct  the  imbalanced  conditions  in  the 
soil  solution  when  it  is  deficient  in  some  necessary  salt. 

During  the  winter  months  a  similar  experiment  was  set  up  in  the 
greenhouse.  The  soil  was  from  the  same  field  only  not  from  the  part 
that  had  received  fertilizer  applications.  Two-gallon  crocks  were  used 
in  which  to  grow  the  crop.  Instead  of  oats  this  time  we  used  another 
cereal — wheat,  of  the  Marquis  variety.  AJtho  this  experiment  should 
be  repeatedfor  should  be  run  in  duplicate  to  be  ideal,  the  results  show 
that  acid  phosphate  again  should  be  the  chief  ingredient  in  the  fertilizer  fcwr 
this  particular  soil.   It  is  our  intention  to^repeat  this  experiment  immedi- 
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ately,  for  it  was  out  of  the  question  to  duplicate  it  as  suggested  above, 
because  it  would  be  a  diflScult  matter  to  take  care  of  96  large  cultures  and 
carry  them  to  maturity.  The  wheat  grew  well  under  greenhouse  condi- 
tions and  was  normal  in  all  respects  except  that  it  took  a  little  longer  for 
it  to  mature. 

Later,  other  soils  as  well  as  other  crops  should  be  treated  by  this  plan. 
A  determination  of  the  best  ratio  of  combination  of  fertilizer  ingredients 
appears  then  to  be  the  best  way  of  working  out  the  fertilizer  requirement 
of  soils  or  crops,  far  better  in  fact  than  by  making  use  of  the  chemical 
analysis  of  the  soil  or  crop.  During  the  winter  several  preliminary  and 
five  complete  sh9rt  term  experiments  were  set  up  with  corn,  wheat  and 
oats  to  determine  various  points  in  doubt  in  the  general  problem. 

The  spring  before  the  close  of  the  fiscal  year  three  field  experiments 
were  started.  The  first  was  layed  out  on  the  Station  farm,  on  poor, 
sandy  soil.  The  piece  of  land  was  about  two  acres  in  size.  The  crop  was 
oats.  With  the  results  of  last  summer's  experiments  before  us  we  were 
able  to  see  which  changes  and  modifications  were  necessary  in  our  plan. 
This  time  we  emphasized  two  things:  first,  the  various  combinations  (36), 
and  secondly,  the  total  amount  of  fertilizer  added  per  acre.  This  is  the 
same  as  determining  the  total  concentration.  This  is  an  important  mat- 
ter especially  when  taken  into  conjimction  with  the  various  combinations, 
for  it  is  probable  that  here  as  well  as  in  water  cultures  the  total  concen- 
tration has  much  to  do  in  determining  the  optimum  ratio  or  combination. 

The  other  two  experiments  were  with  crops  and  soil  types  with  which 
we  have  had  little  or  no  experience.  One  of  these  was  set  up  on  the  farm 
of  L.  J.  Reed  '13,  at  CHo,  Mich.,  on  a  sandy  loam,  poor  in  fertility.  The 
crop  was  corn,  and  the  piece  of  land  about  three  acres  in  size.  The  other 
experiment  was  on  the  farm  of  Ezra  Levin,  on  a  fine  sandy  soil.  Here 
about  two  acres  were  set  aside  for'the  experiment  and  put  into  potatoes. 
These  experiments  are  all  on  a  small  scale  and  do  not  include  the  idea  of 
rotation  of  crops.  As  most  farmers  use  the  rotation  system  it  seems  very 
necessary  to  incorporate  this  into  'our "general  plans.  Although  most 
farmers  would  hesitate  to  spend  the  time  and  money  on'this  problem  under 
present  labor  conditions,  it  was  gratifying  to  learn  how  ready  both  Mr. 
Reed  and  Mr.  Levin  were  to  cooperate.  When  such  a  plan  of  fertilizer 
treatment  as  worked  out  by  the  above  method^is  widely  known  and 
established  it  is  very  probable  that  even  then  the'farmers  will  not  have 
time  to  use  the  plan  in  detail.  In  view  of  this  fact,  it  might  be  the  best 
thing  for  them  to  send  the  soil  to  the  laboratory  and  there  a  study  would 
be  made  along  the  line  of  the  above  investigation.  From  the  results,  a 
proper  fertilizer  treatment  could  be  recommended  to  the  farmer. 

To  assist  me  in  the  routine  work  of  carrying  on  the  above  experiments, 
I  have  had  with  me  for  the  year  Mr.  Gershberg,  who  has  often  put  in 
overtime,  has  shown  a  zeal  and  earnestness  in  the  work  and  has  stayed 
on  when  other  positions  have  been  offered  to  him.  Much  of  the  success  at- 
tained in  these  experiments  is  due  to  his  hard  work.  I  had  often  planned 
more  than  could  be  done,  but  we  both  worked  hard  and  somehow  or 
other  things  were  accomplished. 

STATE  FUND  WORK. 

Early  in  the  year  plans  for  enlarging  and -broadening  the  work  of  the 
Experiment  Station  were  outlined  but  on  account  of  war  conditions, 
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which  reduced  the  number  of  men  available  for  research  and  common 
labor,  these  plans  had  to  be  modified  and  reduced.  Mr.  H.  C.  Young  was 
appointed  Research  Associate  in  Plant  Physiology  and  given  the  followinf^ 
problem:  '*The  physiological  effect  on  life  processes  of  certain  plants  when 
growing  under  deficient  or  improper  nutritive  conditions."  Shortly  after 
his  appointment,  Mr.  Yoimg  was  called  into  army  service  as  a  Lieutenant 
in  the  Sanitary  Corps,  and  the  work  on  the  problem  was  stopped. 

I  regret  to  report  that  but  little  experimental  work  has  been  done 
on  our  cooperative  experiment,  to-wit,  a  study  of  the  electrical  conductivity 
of  seeds.  I  have  had  the  matter  in  mind  considerably,  planning  various 
ways  of  attacking  the  problem. 

COOPERATIVE  WORK. 

In  addition  to  the  above  work,  this  division  is  cooperating  in  two 
other  problems.  We  are  collecting  soil  temperature  data  for  the  Ecological 
Society  of  America.  Dr.  Shreve  of  Tucson,  Arizona,  is  in  charge  of  the 
big  problem,  and  we  note  that  many  states  are  cooperating  for  the  pur- 
pose of  carrying  out  a  soil  temperature  survey  throughout  the  United 
States.  Next  month  will  complete  a  year's  record  of  soil  temperatures 
at  this  Station.  Our  second  cooperative  problem  is  with  the  National 
Research  Council.  This  problem  is  one  of  very  great  importance  and  many 
experiment  stations  throughout  the  United  States  are  at  work  on  it.  The 
formal  statement  of  the  problem  is,  **The  determination  of  the  salt  re- 
quirements of  agricultural  plants*'.  All  the  workers  aim  to  find  out  what 
combination  of  the  necessary  elements  in  the  soil  gives  the  most  satis- 
factory growth  of  plants.  On  account  of  the  lack  of  help  and  large  amount 
of  time  necessary  for  our  own  work  we  have  been  able  only  to  get  a  good 
start  in  this  cooperative  problem. 

INSTRUCTIONAL  WORK. 

The  work  in  the  college  included  as  usual,  graduate  and  undergraduate 
instruction.  With  the  absence  of  Mr.  Young  in  the  army,  all  the  lectures 
and  laboratory  work  in  plant  physiology  fell  to  me.  Courses  were  given 
in  the  fall  and  spring  terms.  During  the  time  that  the  S.  A.  T.  C.  was 
stationed  here,  I  was  called  on  to  take  charge  of  Bacteriology  3  in  the 
fall  term,  and  found  it  a  pleasure  to  do  the  extra  work.  I  also  assisted 
Mr.  Seeley  with  his  class  in  meteorology,  putting  in  seven  hours  a  week. 
I  gave  the  usual  yearly  lectures  on  plant  nutrition  to  the  class  in  agricul- 
tural chemistry.  I  also  lectured  to  the  senior  class  in  pedagogy,  outUning 
a  course  of  study  in  plant  physiology  for  high  school  students.  Certain 
experiments  were  set  up  and  demonstrated  at  the  time. 

I  wish  to  call  attention  again  to  the  crowded  condition  of  both  laboratory 
and  greenhouse.  We  appreciate  that  we  have  had  more  greenhouse  space 
than  usual  due  to  your  willingness  to  give  up  your  bench,  but  even  so 
our  entire  space  for  housing  work  in  systematic  botany,  pathology  and 
physiology  is  far  too  small  for  work  of  such  importance.  The  experiment 
station  laboratory  is  also  crowded,  and  more  space  should  be  had  at  the 
earUest  possible  time. 

For  your  sympathy,  cooperation  and  willing  assistance  in  all  the  varied 
interests  of  plant  physiology,  I  wish  to  give  you  my  many  thanks. 

Respectfully, 
R.    P.    HIBBARD, 

East  Lansing,  June  30,  1919.  Research    Associate. 
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Dr.  E.  A.  Bessey,  College. 

Dear  Dr.  Bessey — At  your  request,  I  present  the  following  report  of 
the  work  of  the  year.  It  may  be  pointed  out  that  research  work  done 
during  the  war  period  necessarily  took  on  a  different  character  in  some 
respects  from  the  work  of  previous  years.  Certain  lines  of  fundamental 
research  which  are  carried  on  under  Adams  projects  were  laid  aside  for 
work  of  an  emergency  nature.  For  example,  it  became  very  evident  that 
seed  treatment  of  grains  to  prevent  smut  was  a  matter  of  state  and  na- 
tional concern,  and  all  forces  of  the  Experiment  Station  were  concentrated 
in  the  attempt  to  develop  methods  suitable  to  the  grave  situation  brought 
up  by  the  needs  of  the  food  crisis  and  the  labor  shortage.  The  results  of 
the  work  on  grain  treatments  are  given  in  another  place  in  this  report. 

As  is  evident  from  your  own  discussion  of  the  personnel  of  the  depart- 
ment, the  war  inade  many  changes  in  the  staff  and  prevented  in  part 
the  carrying  forward  of  experiment  station  projects.  It  is  gratifying, 
however,  to  be  able  to  report  that  by  means  of  various  assistants,  chiefly 
women,  it  was  possible  to  continue  nearly  all  the  lines  of  experiment 
station  endeavor.  And  finally,  it  should  be  pointed  out  that  the  call  for 
extension  work  in  plant  pathology  was  more  pressing  during  the  war  period 
than  ever.  This  work,  in  part,  took  the  form  of  preparation  of  articles  for 
the  college  press  service  and  in  part  the  giving  of  lectures  and  demonstra- 
tions at  farmer's  schools,  institutes,  etc.  It  must  be  conceded  that  ex- 
tension activities  and  experiment  station  activities  are  difficult  to  reconcile, 
although  it  is  certainly  true  that  certain  kinds  of  extension  work  can 
best  be  done  by  the  experiment  station,  having  first-hand  knowledge  of 
the  facts.  It  is  believed,  from  the  work  carried  on,  that  the  Experiment 
Station  work  has  not  been  unduly  injured  by  the  demands  of  the  war 
period,  but  it  is  to  be  admitted  that  work  of  a  purely  extension  nature 
should  not  be  pushed  in  peace  times  to  the  extent  made  necessary  by  the 
war.  With  this  introductory  summary  of  the  general  conditions  under 
which  the  work  of  the  fiscal  year  ending  June  30,  1919,  was  done,  I  will 
proceed  to  report  on  the  various  projects  being  carried  on  under  my 
direction. 

ADAMS  5b. 

This  project  is  entitled:  '*To  determine  with  some  plant  pathogenes 
of  the  Fungi  Imperfecti,  biological  relations  which  may  give  a  basis  for 
identification  and  classification  as  well  as  understanding  of  physiological 
and  life  history  problems.  The  Fungi  Imperfecti  form  a  group  which  at 
present  has  no  basis  for  classification  other  than  a  highly  artifical  one. 
Attention  will  be  concentrated  on  the  section  of  the  group  represented  by 
the  genus  phoma  and  its  close  allies." 

The  project  as  outlined  is  a  very  important  piece  of  research  work,  and 
one  which  involves  the  development  of  a  new  technique  in  handUng  fungi. 
It  recognizes,  in  the  first  place,  the  great  complexity  of  the  forms  of  the 
fungi  imperfecti  and  the  present  unsatisfactory  methods  of  diagnosis  and 
classification.  The  purpose  of  the  investigation  is  to  determine  biological 
methods  whereby  the  organisms  may  be  classified.  For  the  purpose  of  the 
experiment,  some  fifty  cultures  of  organisms  of  the  Sphaeropsidales  are 
carried  in  pure  culture  and  these  cultures  have  been  maintained.  During 
this  work  on  the  pure  culture  of  several  members  of  each  of  the  important 
genera,  it  has  been  found  that  there  are  certain  characters  of  mycelial  growth 
which  are  constant  for  the  genus.    Certain   peculiarities   of   growth   and 
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pyramidal  formation  have  been  noted  and  these  seem  to  be  desirable  char- 
acters which  will  be  of  service  in  diagnosis.  A  large  part  of  the  work  has 
concentrated  upon  the  inoculation  of  laboratory  animals  as  described  in 
the  last  report.  The  work  done  has  confirmed  the  conclusions  of  last  year's 
work,  namely  that  animals  can  be  sensitized  by  a  given  organism  and  will 
show  anaphylactic  shock  when  reinoculated.  While  there  is  doubtless  a 
group  sensitiveness  it  has  been  possible  with  certain  Fusarium  strains  to 
/  get  definite  discriminative  reactions  in  cases  where  a  species  and  a  variety 

of  the  species  has  been  used.  For  example,  guinea  pigs  sensitized  with 
Fusarium  conglutinans  will  not  respond  to  Fusarium  conglutinans  callistephi 
but  will  respond  to  inoculations  with  ground  material  from  the  original 
culture. 

In  the  preparation  of  antigens  in  this  work  the  technique  developed 
during  the  war  for  the  preparation  of  oil  vaccines  has  been  used.  Cultiu-es  , 
are  grown  in  bulk  in  a  synthetic  medium  and  after  about  two  weeks 
growth  the  heavy  mat  is  ground,  by  means  of  steel  balls,  under  aseptic 
precaution  in  a  large  Pyrex  bottle.  The  synthetic  solution  used  is  one 
designed  to  give  a  maximum  of  mycelial  growth  and  is  made  up  as  follows: 

SYNTHETIC  SOLUTION. 

n 

Cane  Sugar  ( ) 7.2      gms. 

50 
n 

Glucose  ( ) 3.6 

50 

n 

Magnesium  sulphate  ( ) 1 .  233 

200 

n 

Potassium  acid  phosphate    ( ) 2 .  72 

50 
n 

Potassium  nitrate    ( ) 2 .  02 

50 
Tap  water 1000. 

The  work  undertaken  so  far  may  be  considered  as  an  attempt  to  develop 
a  technique  suitable  to  handle  the  problems  underlying  this  project. 

HATCH. 

Work  under  the  Hatch  Fimd  consists  of  the  general  routine  diagnosis 
and  determination  of  laboratory  material  and  the  development  of  the 
Plant  Disease  Survey.  About  800  specimens  were  handled  last  year. 
This  work  keeps  the  department  in  touch  with  conditions  in  the  State  and 
gives  to  county  agents,  especially,  definite  information  concerning  the 
diseases  prevalent  in  their  counties. 

In  cooperation  with  the  federal  office,  a  survey  of  potato  disease  con- 
ditions in  the  State  was  made  last  year  by  Dr.  E.  F.  Woodcock.  It  was 
the  purpose  of  this  work  to  watch  for  the  first  outbreaks  of  Late  Blight 
of  Potatoes  in  order  that  the  epidemic  conditions  of  1912  and  1915  might 
not  be  repeated  in  war  times.    Due  to  the  dry  summer,  Late  Blight  did 
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hot  appear.  The  experience  in  Wisconsin,  however,  where  similar  work 
was  in  vogue,  demonstrated  the  practicability  of  this  reconnoisance  sys- 
tem. With  wet  weather  in  the  first  half  of  the  season.  Late  Blight  would 
have  been  prevalent,  and  the  warning  given  would  have  been  most  helpful 
in  preventing  loss.  The  full  report  of  Dr.  Woodcock's  observations  on 
Potato  Diseases  is  to  be  published  in  the  Twentieth  Report  of  the  Michigan 
Academy  of  Science. 

A  general  summary  of  plant  disease  conditions  of  the  year  has  been  pre- 
pared and  this  is  in  course  of  publication  in  the  Twentieth  Report  of  the 
Michigan  Academy  of  Science. 

The  work  of  the  Experiment  Station  on  cucumber  diseases  under  your 
direct  charge,  carried  on  in  cooperation  with  the  U.  S.  Department  of 
Agriculture,  is  also  financed  from  this  fund.  Similarly  your  work  in 
continuation  of  observations  on  ginseng  diseases  is  financed  from  this  fund. 

From  time  to  time  calls  for  investigation  of  various  diseases  of  crof) 
plants  come  to  the  Experiment  Station.  Greenhouse  troubles,  especially, 
call  for  attention.  From  time  to  time,  workers  in  the  Experiment  Station 
answer  these  calls  and  give  such  help  as  the  disease  conditions  warrant. 
In  passing  it  may  be  said  that  the  diseases  of  greenhouse  crops  are  numer- 
ous and  exceedingly  important.  One  of  the  chief  factors  governing  the 
success  or  failure  in  the  greenhouse  business  is  control  of  plant  diseases. 
It  is  to  be  hoped  that  more  attention  will  be  given  to  the  pressing  prob- 
lems confronting  the  greenhouse  industry. 

STATE  POTATO  WORK. 

For  some  years  a  portion  of  my  time  has  been  devoted  to  the  investiga- 
tion of  potato  diseases.  A  large  part  of  the  work  done  has  been  to  interpret 
for  Michigan  conditions  the  findings  of  various  scientists  upon  the  ex- 
tremely puzzling  and  elusive  diseases — Mosaic,  Curly  Dwarf  and  Leaf 
Roll.  It  may  be  said  that  due  to  the  facilities  afforded  by  the  fund  al- 
lotted to  potato  work  to  attend  the  various  conferences  of  workers  on 
potato  diseases,  there  has  been  made  available  to  Michigan  growers  the 
results  of  all  the  research  work  of  plant  pathologists  in  these  important 
and  little  imderstood  diseases.  The  observations  by  Dr.  Woodcock  have 
shown  that  Michigan  is  in  rather  fortimate  condition  in  respect  to  these 
diseases  in  comparison  with  other  great  potato-producing  states. 

Emphasis  has  again  been  placed  in  the  potato  work  upon  seed  treat- 
ments for  the  prevention  of  Scab,  Black-Scurf,  and  Black  Leg.  During 
the  war  period,  the  experiments  of  the  Station  gave  plant  pathologists  in 
the  various  states  grounds  for  great  simplification  of  the  methods  of 
potato  seed  treatments.  In  place  of  the  rather  long  period  required  for 
soaking  potatoes  for  Scab  (13^  hours  in  formaldehyde,  1  pint  to  30  gallons) 
it  was  found  that  15  minutes  was  effective.  Similarly  a  30-minute  soak  in 
corrosive  sublimate  1-1000,  is  as  effective — and  apt  to  be  less  injurious  to 
stand — than  IJ^  or  2-hour  soak  in  the  solution.  These  conclusions,  based 
on  one  year's  work  are  now  reinforced  with  the  results  of  a  second  year's 
trials.  The  full  report  of  these  experiments  is  at  present  being  prepared 
for  publication. 

As  a  new  contribution  toward  the  solution  of  potato  seed  treatment 
problems,  the  work  of  last  year  brought  out  that  mercuric  cyanide*  1-1000 

*I  am  indebted  to  Mb.  Em  Levin  for  the  tuggestion  to  try  msrcono  eyanide  m  this  connection. 
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can  be  substituted  for  the  mercuric  chloride.  The  advantage  of  mercuric 
cyanide  as  a  chemical  for  this  purpose  comes  in  its  great  solubility  and 
also  from  the  fact  that  it  is  not  corrosive-  to  metals.  Potato  treatment*  on 
a  large  scale  require  such  a  large  equipment  of  barrels,  tanks,  etc.,  if 
treatment  is  to  be  done  rapidly,  that  many  farmers  find  the  matter  ex- 
ceedingly onerous.  If  mercuric  cyanide  can  be  furnished  at  all  cheaply 
to  farmei^,  it  will  be  a  great  advantage  for  their  nietal  stock  tanks  can 
be  used  for  treatment — the  same  to  be  carefully  rinsed  before  using  for 
the  ordinary  purpose  again.  Work  with  mercuric  cyanide  is  being 
continued. 

STATE  CELERY  WORK. 

For  some  years  the  Experiment  Station  has  worked  on  the  celery  diseases 
of  the  State.  Attention  in  the  last  two  years  has  been  given  largely  to 
root  diseases.  The  disease  known  as  celery  stunt  has-been  kept  under 
observation  and  selections  of  apparently  resistant  plants  made.  In  no 
case  has  it  been  possible  to  winter  over  any  of  the  selected  plants.  Plants 
which  were  growing  in  thoroughly  sick  soil  and  which  were  apparently 
free  from  disease  when  planted  in  the  greenhouse  or  in  the  cold  frame,  rot 
in  a  month  or  two,  indicating  a  partially  diseased  condition  or  an  outgrown 
diseased  condition  at  the  start.  Search  for  resistant  plants  and  the  attempt 
to  winter  them  will  be  continued. 

Since  our  first  surveys  of  the  prevalence  of  celery  stunt  the  disease 
has  been  found  in  many  other  locations  in  the  State.  The  disease  is  known 
now  from  every  muck  area  of  the  State,  although  in  all  but  Kalamazoo  the 
disease  is  localized  in  its  attack.  The  wide  spread  of  the  disease  has  been 
accomplished  by  the  sale  of  diseased  seedlings — a  trade  which  is  very 
brisk  among  market  growers,  especially  in  years  when  freezing  or  drought 
destroys  seed  beds  in  any  given  locaUty. 

Golden  Self-blanching  celery  is  chiefly  affected  by  the  stunt,  and  in 
ordinary  years  Easy  Blanching  celery  can  be  grown  at  a  profit  in  diseased 
soil.  Aroimd  Kalamazoo,  the  Easy  Blanching  is  the  chief  celery  grown.  So 
far  it  has  been  marketed  at.a  fair  price. 

Reports  from  other  northern  states  indicate  that  the  Michigan  situation 
in  regard  to  celery  stunt  is  duplicated  with  them.  It  is  evident  that  the 
Golden  Self-blanching  celery,  which  is  the  plant  most  highly  prized  on  the 
markets  is  becoming  exceedingly  scarce.  It  seems  extremely  probable  that 
in  a  very  short  time  high  lands  can  profitably  be  turned  to  the  growing 
of  this  plant,  by  proper  irrigation,  and  by  the  taking  of  proper  precautions 
to  prevent  the  entrance  of  this  disease. 

PHOMA  ROOT-ROT  OF  CELERY. 

Last  year's  report  contained  a  short  abstract  of  work  done  by  the 
writer  upon  this  interesting  disease  of  celery  roots.  Last  year,  Mr.  C.  W. 
Bennett  undertook  fuller  study  of  this  disease.  He  has  done  most  ex- 
cellent work  and  great-y  advanced  our  knowledge  of  the  disease.  After 
verifying  the  work  previously  done  in  the  laboratory,  Mr.  Bennett  has 
worked  out  details  of  methods  of  infection,  has  studied  the  causal  organism 
in  pure  culture  and  determined  its  physiological  relations  under  various 
growth  conditions.  .       .  . 

Most  interesting  and  important  as  a  contribution  to  the  science  of 
plant  pathology  are  the  results  obtained  in  the  loss  of  virulence.    Mr.  Ben- 
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nett  worked  with  three  strains  of  the  Phoma  apiicola  known  to  cause  this 
disease  and  finds  in  them  great  differences  in  virulence.  The  detailed  re- 
port on  the  causes  of  loss  in  virulence  in  connection  with  growth  in  pure 
culture,  in  soil  cultures  and  under  various  growth  conditions  can  not  be 
outlined  here.  The  finding,  however,  that  the  organism  changes  its 
growth  in  soil  away  from  the  host  plant,  suggests  very  forcibly  that  by 
the  operation  of  this  principle  "sick"  soil  becomes  safe  after  some  years  of 
crop  rotation.    Work  along  this  line  is  being  continued. 

CEREAL  DISEASE  INVESTIGATIONS. 

Work  on  cereal  disease  was  done  imder  my  direction  by  Mr.  H.  H.  Mc- 
Kinney  whose  work  in  this  regard  was  most  carefully  done.  Following  the 
outline  of  work  given  in  the  previous  report  in  which  the  "Dry  Method" 
for  cereal  treatments  was  tested  and  found  safe  so  far  as  laboratory  tests 
would  show,  the  treatment  was  recommended  for  use  with  all  cereals. 

The  treatment  which  the  farmers  in  Kent  county  had  first  tried  and 
found  safe,  when  recommended  in  general  throughout  the  State  was  used 
by  some  farmers  carelessly  with  the  result  that  grave  injury  to  stand  re- 
sulted. 

The  facts  in  the  case  during  the  fall  of  1917  were  these:  Farmers  had 
used  the  seed  treatment  for  oats  and  had  good  success  in  control  of  smut. 
No  injury  to  stand  resulted  in  spite  of  wide  variations  in  the  hands  of 
many  farmers  in  seed  treatment  methods.  This  hardiness  of  oats  tended 
to  make  farmers  careless  in  their  treatment  of  wheat  the  following  plant- 
ing season.  Coupled  with  this  the  weather  of  1917,  was  exceptionally 
rainy  so. that  the  planting  of  a  given  lot  of  seed  extended  in  most  cases 
over  a  period  of  a  week  to  a  month.  Under  such  conditions  many  reports 
of  loss  came  to  the  department.  It  was  not  suflScient  for  us  to  show  dis- 
obedience of  the  very  plainly  given  directions.  It  devolved  upon  the 
Experiment  Station  to  discover  the  why's  of  formaldehyde  injury. 

This  work  which  was  done  by  Mr.  McKinney  and  myself  showed  first 
of  all  that  our  knowledge  of  formaldehyde  action  was  extremely  limited. 
We  had  a  rule  for  treatment  but  no  principle  treating  on  the  method  of 
action  of  the  gas.  We  discovered  that  the  prevailing  notion  that  formalde- 
hyde is  a  gas  tending  to  escape  readily  is  erroneous,  and  that  on  the  con- 
trary the  formaldehyde  as  applied  to  grain  by  the  wet  method  is  extremely 
slow  to  air,  since  the  formaldehyde  polymerizes  so  readily.  Furthermore, 
it  was  found  that  formaldehyde  has  a  remarkable  affinity  for  water,  and 
that  it  cannot  be  driven  out  of  water  by  boiling,  even.  These  and  other 
significant  facts  governing  the  use  of  formaldehyde  developed  in  the 
course  of  our  investigations.  A  complete  account  of  work  to  date  has 
been  prepared  for  publication  in  the  Twentieth  Report  of  the  Michigan 
Academy  of  Science.  The  results  important  for  use  by  farmers  have 
been  given  briefly  in  a  popular  bulletin. 

It  is  gratifying  to  note  that  as  a  result  of  the  work  on  the  technical 
side,  the  formaldehyde  injury  question,  our  county  agents,  and  through 
them  the  farmers  of  the  State  have  been  thoroughly  informed  of  the 
dangers  from  careless  treatment  and  as  a  result  of  this  emphasis  in  follow- 
ing directions  carefully  not  a  single  case  of  injury  to  stand  came  to  the  at- 
tention of  the  section  last  year.  While  here  and  there  some  farmer 
used  formaldehyde  carelessly,  the  great  majority  of  the  fields  treated  were 
protected  from  smut  without  injury  to  stand. 
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Ab  a  further  result  of  our  investigations,  it  was  found  that  injury  has 
been  brought  about  for  years  by  improper  use  of  the  wet  method,  and 
this  loss,  though  important,  has  been  over-looked  or  assigned  to  some  other 
factor. 

BEAN  WORK. 

The  work  of  the  Experiment  Station  has  been  reported  in  full  in  other 
reports.  Mr.  Mimcie  closed  his  work  in  1917  and  submitted  full  report  of 
his  findings,  which  has  been  published  in  Technical  Bulletin  No.  38.  Mr. 
Ray  Nelson,  Mr.  Muncie's  successor  has  taken  aS  his  problem,  Bean  Mosaic. 
Although  work  by  Mr.  Nelson  was  interrupted  by  his  absence  from  the 
Station  for  about  nine  months  during  the  first  of  the  year,  many  interest- 
ing observations  on  Bean  Mosaic  have  been  made.  The  statements  of 
Cornell  investigations  that  the  disease  is  carried  in  the  seed  have  been 
amply  confirmed.  It  has  been  shown  by  observations  on  the  diseased 
plants  that  the  most  pronounced  mottUng  occurs  in  the  new  leaves,  in 
the  parts  of  the  leaf  nearest  the  veins,  indicating  the  significance  perhaps 
of  the  vascular  system  in  transference  of  the  virus. 

It  is  too  early  in  this  investigation  to  report  on  the  many  lines  of  ex- 
perimentation under  way  dealing  with  Bean  Mosaic.  Suffice  it  to  say 
that  it  is  the  opinion  of  the  members  of  the  Experiment  Station  staff  that 
in  the  mosaic  group  of  diseases  we  have  what  are  potentially  the  most  serious 
of  all  plant  diseases.  Here  is  a  great  group  of  troubles,  whose  cause  probably 
is  an  ultramicroscopic  organism  transferred  in  most  cases  by  insects, 
capable  in  some  cases  at  least,  of  wiping  out  an  entire  industry.  There 
are  places  in  Michigan  where  Peach  Yellows  is  a  household  word  and  where 
peach  growing  is  no  longer  attempted.  There  is  a  variety  of  potatoes, 
Bliss  Triumph,  that  no  one  can  raise  at  a  profit.  There  are  cucumber 
fields  that  have  never  produced  a  dollar's  profit,  and  salting  stations  that 
have  been  sold  for  a  song.  All  these  are  examples  of  the  result  of  the  work 
of  a  mosaic  disease.  That  such  a  disease  is  at  work  in  Michigan  bean 
fields  warrants  most  intensive  investigation  and  it  is  the  purpose  of  the  Ex- 
periment Station  to  attempt  to  discover  the  seriousness  of  the  present 
situation  in  Michigan  fields. 

>•  In  this  connection,  permit  me  to  refer  to  the  very  promising  fact  that 
the  Robust  bean  developed  by  Professor  Spragg  of  the  Farm  Oops  de- 
partment seems,  in  Mr.  Spragg's  latest  tests  which  have  been  care- 
fully checked  by  both  Mr.  Muncie  and  myself,  and  by  tests  at  Cornell 
University  by  Dr.  Donald  Reddick,  to  be  extremely  resistant  to  Mosaic. 
In  this  bean  there  seems  to  be  the  resistant  character  which  will  afford 
material  for  abundant  work  in  plant  breeding. 

MISCELLANEOUS  WORK. 

Interesting  results  on  the  injury  to  plants  by  phenol  fumes  have  })eon 
obtained  in  a  series  of  experiments  conducted  by  Miss  Gillette,  a  student 
assistant  in  the  laboratory.  These  results  have  been  prepared  for  publica- 
tion. Work  on  transportational  diseases,  in  connection  with  Mr.  Nel- 
son, is  being  contiiiue(i.  Mr.  Nelson  has  obtained  very  important  results 
showing  the  importance  of  asphyxiation,  such  as  results  from  poor  venti- 
lation,* high  temperature,  etc.,  in  connection  with  a  wide  range  of  crops. 
Work  along  this  line  is  being  continued. 
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PUBLirATIONS. 

The  following  publications  have  been  made  or  are  in  the  course-  of 
publication  at  this  time: 

The  Stinking  Smut  of  Wheat — G.  H.  Coons.    Extension  Circ.  17. 

Michigan  Plant  Diseases  of  1918 — G.  H.  Coons. 

Potato  Diseases  in  Michigan  in  1918 — E.  F.  .Woodcock. 

Formaldehyde  Injury  to  Grains — G.  H.  Coons  and  H.  H.  McKinney. 
Twentieth  Rept.  Mich.  Acad.  Sci. 

Injury  to  Vegetation  by  Phenol  fumes — G.  H.  Coons  and  Genevieve 
Gillette.  Twentieth  Rept.  Mich.  Acad.  Sci. 

RECOMMENDATIONS. 

In  consideration  of  the  wide  range  of  work  which  is  demanded  of  me 
in  fulfilling  the  requests  which  come  to  the  section  from  people  in 
the  State,  permit  me  to  urge  the  fact  that  one  or  two  additional  research 
assistants  who  are  capable  of  taking  charge  of  a  line  of  endeavor,  such  as 
Mr.  Nelson  does,  are  necessary  to  get  quickest  results  in  many  of  the  lines 
of  investigation  being  carried  on  at  the  Station.  Potato  diseases  are  so 
important  that  a  man  should  be  provided  for  full  time  work.  Similarly 
greenhouse  and  truck  crop  diseases  should  have  a  full  time  man  to  carry 
on  most  efficient  investigations.  The  work  I  have  been  able  to  do  has  been 
limited  and  for  the  most  part  carried  on  through  graduate  students  or 
through  under-graduate  assistants.  The  direction  of  this  work  takes 
much  time  away  from  my  regular  lines  of  research. 

Most  imperative  in  the  carrying  out  of  our  work  is  the  need  for  an- 
other greenhouse,  fully  as  large  or  larger  than  the  present  one.  The  pres- 
ent greenhouse  is  used  for  five  purposes,  which,  in  spite  of  the  most  amic- 
able relaticns  in  the  section,  interfere  one  with  another.  These 
uses  of  the  present  greenhouse  are  as  follows:  Firsts  the  greenhouse  fur- 
nishes classroom  material  for  all  the  teaching  work  in  botany  and  plant 
pathology.  Second,  there  is  carried  here  a  considerable  stock  of  orna- 
mental plants,  some  of  which  are  of  use  for  demonstration  purposes. 
Third,  the  greenhouse  is  used  by  graduate  students  in  plant  pathology. 
Fourth,  the  experimental  work  in  plant  physiology  which  is  most  im- 
portant and  exceedingly  far-reaching  in  its  significance,  is  carried  on  here. 
Fifth,  from  3  to  4  experiments  in  plant  pathology  work  with  diseased 
plants  are  carried  on  in  this  area. 

It  is  evident  from  this  showing  that  our  greenhouse  facilities  are  sadly 
inadequate.  It  is  a  fact  that  25  years  ago  the  College  as  a  whole  had  more 
greenhouse  space  and  was  doing  more  for  an  infant  industry — the  green- 
house business — than  it  is  today.  Considering  the  value  of  crops  grown 
under  glass,  alone,  around  Detroit,  Grand  Rapids,  and  every  other  city 
of  any  size  in  Michigan,  this  condition  is  open  to  criticism. 

I  wish  respectfully  to  urge  that  you  use  every  effort  to  impress  the 
authorities  of  the  institution  with  the  inadequacy  of  the  greenhouse  facili- 
ties of  the  College  and  the  department,  especially  to  the  end  that  more 
money  may  be  provided  at  once  for  more  space. 

In  order  that  this  report  may  be  complete  and  show  the  full  activities 
of  the  year,  I  will  state  that  I  have  spent  considerable  time  in  extension 
work.  The  chief  activity  has  dealt  with  cereal  seed  treatment.  The  results 
obtained  are  to  the  credHt  of  the  county  agents  of  the  State  who  have  been 
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most  efficieul  and  helpful  in  the  campaign  camed  on.  The  folio wmg 
summary  of  work  done  in  the  various  states  has  been  prepared  by  the  U.  S. 
Department  of  Agriculture.  It  is  a  report  of  extension  work  which  is,  to 
my  mind,  in  itself  a  justification  of  the  existence  of  the  extension  work  of 
the  College.  When  we  consider  this  as  a  contribution  in  the  stress  of  a 
war  year  its  significance  is  even  greater. 

TABLE  L 
Remilte  of  a  field  larTey  to  determine  the  prevalenoe  of  seed  treatment  by  farmers  and  its  effects  i  n  preven!;  ion  d  smuts. 


Number 
of 

farmers 
inter- 
viewed 

person- 

Number  of  fields 
inspected. 

Inspected  fields 

sown  to  treated 

seed. 

Smut  found  in 
Treated  fields.        Untreated  fields. 

State. 

Wheat. 

Oats. 

Wheat. 

Oats. 

Wheat 

Oats. 

Wheat 

Oats. 

Alabama 

668 
184 
225 
111 
477 
536 
334 
98 
678 
328 
1,176 
360 
793 
364 
300 
211 
860 
544 
156 
416 

237 
132 
136 

54 
159 
195 
187 

18 
688 
174 
845 

^ 

262 
155 
224 
184 
414 
79 
186 

560 
78 
141 
59 
390 
214 
147 
31 
540 
218 
516 
110 
571 
108 
67 
55 
180 
78 
67 
207 

Pteeent. 

10.5 
0.45 
38.9 

0.0 
57.1 

4.10 

0.05 
66.66 
16.2 

8.5 

5.0 

6.6 

6.2 
38.0 
71.61 

1.7 

0.0 

0.0 
50.6 

2.0 

Per  cent. 

3.2 

0.0 
22.6 
18.6 
39.0 

6.5 

0.01 
70.96 
18.6 

6.8 

2.6 

1.6 
25.4 

4.34 
50.74 
10.9 

0.0 
17.0 
10.4 

0.6 

Per  cent. 

0.0 

0.0 

0.05 

0.00 

3.03 

0.030 

0.000 

0.031 

0.87 

0.73 

0.63 

1.12 

0.00 

0.086 

0.264 

0.25 

0.00 

0.00 

0.00 

0.00 

Percent 

1.73 

0.0 

0.10 

0.21 

0.36 

0.053 

0.000 

0.018 

1.23 

0.72 

2.90 

0.70 

0.71 

0.00 

0.67 

0.126 

0.000 

0.166 

3.1 

0.26 

Jeroent 

3.20 
2.35 
4.47 
6.65 
6.06 
1.36 
0.81 
10.16 
3.99 
2.72 
2.33 
8.11 
0.23 
1.49 
5.61. 
ft.80 
0.36 
0.171 
0.43 
0.08 

Percent 
5.96 

ArkaPffiMf , 

7  35 

Qeorgia 

10.65 

mam    

7  38 

fiMJiftn^ 

5.92 

Iowa 

1.37 

Tfarnns 

4.49 

Miifhigap 

6  52 

Minnesota 

3.07 

Miori-ipp 

5.60 

MiiBomi 

4.97 

N^4)nulnt     , 

6.45 

New  York 

4.30 

North  Carolina 

11.11 

North  Dakota 

11.83 

Ohio 

10.42 

nirlmhAnvi 

6.15 

Pennsylvania 

4.50 

South'Carolina              

7  76 

Toxsfl -- 

4.26 

The  figures  for  the  twenty  states  named  are  representative  of  the  forty-three  states  in  which  seed  treatment  demonstrationa 
and  smut  surveys  were  carried  on. 

Figures  furnished  by  the  U.  S.  Department  of  Agriculture. 

As  is  evident  from  the  reports  of  the  different  projects,  I  have  been 
able  to  carry  out  the  work  done  because  of  most  efficient  and  loyal  help 
from  my  associates  in  the  Experiment  Station.  I  wish  also  to  thank  you 
for  counsel  and  advice  upon  the  many  problems  which  have  been  before 
us. 

Very  respectfully, 

G.H.  COONS, 
Plant  Pathologist. 
East  Lansing,  June  30,  1919. 

REPORT    OF    THE    CHEMICAL    SECTION. 

Director  R.  S.  Shaw: 

In  summarizing  the  work  of  the  Chemical  section  for  the  past  year 
it  seems  fitting  to  make  a  public  record  of  the  services  rendered  by  members 
of  the  staflf,  in  connection  with  the  world  war.  Six  members  of  the  staff 
were  registered  in  the  first  draft,  four  of  whom  later  entered  the  service. 

Mr.  F.  F.  Hebard,  Inspector,  resigned  November  15,  1917,  and  en- 
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listed  in  the  Naval  Reserve  Corps  as  a  Seaman  2nd  class.  He  early- 
qualified  as  a  marksman  and  was  detailed  as  an  instructor,  which  duty 
he  performed  throughout  the  remainder  of  the  war. 

Mr.  E.  J.  Miller,  enlisted  in  the  Sanitary  Corps,  October  19,  1917,  and 
was  commissioned  1st  Lieutenant.  Lieut.  Miller  was  placed  on  detached 
duty  in  Washington  where  he  was  engaged  in  the  poison  gas  investigation. 
He  was  released  December  28,  1918,  and  returned  to  his  position  Feb- 
ruary 1,  1919. 

Mr.  Percy  O'Meara,  was  drafted  November  30,  1917.  He  was  sent 
to  Camp  Custer  and  assigned  to  Co.  C.  338  Inf.,  85th  Div.  On  July  21, 
1918,  he  sailed  for  France  and  returned  to  this  country  April  11,  1919. 
In  September  1918  he  was  made  corporal  of  his  company.  Corp.  O'Meara 
was  released  from  service  April  11,  1919,  and  returned  to  his  position  May 
7,   1919. 

Mr.  T.  E.  Friedemann  enlisted  in  the  Sanitary  Corps,  February  28, 
1918,  and  was  sent  to  Camp  Greenleaf,  Fort  Oglethorpe,  Georgia,  where 
he  was  assigned  to  duty  in  the  laboratory  of  the  General  Hospital.  Mr. 
Friedemann  resigned  on  February  14,  1919,  in  order  to  accept  a  Fellow- 
ship at'  the  Harvard  Medical  School. 

Dr.  C.  S.  Robinson  was  called  to  the  Rockefeller  Institute,  New  York 
City,  March  1,  1918,  to  take  charge  of  instruction  in  Clinical  Chemistry. 
He  was  attached  to  the  Institute  Staflf  until  June  6th  when  he  received  a 
commission  as  Captain  in  the  Sanitary  Corps.  Capt.  Robinson  was 
released  from  the  service  January  8,  1919,  and  returned  to  the  laboratory 
January    15th. 

These  men  served  well  and  faithfully  in  the  positions  to  which  they 
were  assigned  and  we  feel  justly  proud  of  their  records. 

By  action  of  the  State  Board  of  Agriculture,  Mr.  C.  F.  Barnum  was 
made  Chief  Inspector  and  was  taken  oflf  the  road  early  in  the  year  to  su- 
pervise the  work  of  collecting  samples  of  fertilizer  and  feeding  stuflfs. 
He  has  taken  charge  of  numerous  details  in  connection  with  the  control 
work  which  has  greatly  relieved  the  burden  upon  the  Chief  of  the  Section. 

Mr.  A.  H.  Teske  was  appointed  as  inspector  and  entered  upon  the  duties 
of  the  office  October  1,  1918. 

CONTROL  WORK. 

Fertilizer  Inspection:  During  the  year  ending  April  30,  1919,  323  fer- 
tilizer hcenses  were  issued  and  863  samples  were  collected  and  analyzed. 
The  results  of  this  inspection  were  published  in  Bulletin  No.  283. 

Feeding  Stuffs  Inspection:  Bulletin  No.  282  giving  the  results  of  in- 
spection covering  919  samples  collected  during  the  previous  year  was 
published  during  September  1918.  During  the  year  just  closing  1,533 
samples  have  been  analyzed.  The  results  of  the  inspection  show  a  steady 
increase  in  the  quality  of  the  feeds  sold  in  Michigan  so  far  as  amounts  of 
nutrients  guaranteed  are  concerned.  A  large  amount  of  very  low  grade 
and  cheap  feeds  are  still  on  the  market  and  it  would  be  desirable  to 
amend  the  law  at  the  next  session  of  the  legislature  so  as  to  exclude  some 
of  the  poorer  materials  now  being  used. 

It  was  necessary  to  try  two  cases  in  the  courts  during  the  year.  The 
first  case  was  against  Watson-Higgins  Milling  Co.,  Grand  Rapids,  Michi- 
gan, for  shipping  unlicensed  and  untagged  commercial  feeding  stuffs.  The 
evidence  was  presented  to  the  prosecuting  attorney  of  Kent  county  and 
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a  warrant  was  sworn  out  against  John  A.  Higgins  as  Secretary  and  Treas- 
urer of  the  Company.  The  case  was  tried  before  Justice  Beebe  at  Sparta 
where  the  violation  was  observed.  The  case  was  decided  against  the 
Watson-Higgins  Milling  Co.  and  a  fine  of  S25.00  was  imposed  by  the 
court.  The  case  was  immediately  appealed  to  the  circuit  court  and 
was  scheduled  to  appear  on  the  spring  calendar.  We  recently  learned, 
unofficially,  however,  that  the  Judge  ruled  it  out  on  the  ground  of  no 
cause  for  action.  Up  to  this  writing  we  have  not  been  able  to  obtain  a 
report  on  the  case  from  the  prosecutor's  office. 

The  second  case  was  against  the  Coombs  Milling  Co.,  Goldwater,  Mich., 
for  shipping  *'Bran  with  ground  screenings  not  exceeding  mill  run*'  with- 
out previously  taking  out  a  license.  The  evidence  was  presented  to 
Prosecutor  Knapp  of  Coldwater  who  very  ably  handled  the  case.  The 
warrant  was  served  against  Mr.  John  C.  Amendt,  Secretary  and  Treasurer. 
Before  the  case  came  to  trial  Mr.  Amendt  appeared  before  the  Justice, 
plead  guilty  and  paid  the  fine  of  $25.00  that  was  imposed. 

In  connection  with  this  case  valuable  advice  was  given  by  Mr.  Sheridan 
Masters,  Assistant  Attorney  General,  for  which  acknowledgement  is 
gratefully  rendered. 

Insecticide  Inspection:  Seventy-six  samples  of  insecticides  and  fungi- 
cides have  been  collected  during  the  past  two  months  and  arc  now  being 
analyzed.  The  results  of  the  inspections  for  the  years  1917  and  1918  have 
been  published  as  Special  Bulletin  No.  96  which  is  now  ready  for  distri- 
bution; 

HATCH  FUND. 

Since  returning  to  the  laboratory,  Dr.  Robinson  has  been  devoting  his 
attention  largely  to  an  investigation  of  the  use  of  ammonium  citrate 
in  the  determination  of  reverted  phosphoric  acid.  This  has  reference  to 
the  determination  of  available  phosphoric  acid  in  commercial  fertilizers. 
It  is  a  very  important  subject  and  the  results  of  his  work  will  be  of  great 
interest  to  all  fertilizer  control  laboratories  as  well  as  to  manufacturers. 
The  results  of  the  investigation  will  soon  be  ready  for  publication. 

ADAMS  FUND. 

Project  2b:  "Absorption  in  relation  to  soluble  fertilizer  salts".  Mr. 
Winter  has  been  in  charge  of  this  work  during  the  past  year  and  has  demon- 
strated that  soils  may  become  ''acid"  simply  by  leaching.  In  order  to 
prove  this  some  alkaline  soils  and  soil  forming  rocks  were  set  up  and  water 
charged  with  carbon-dioxide  was  caused  to  percolate  through  them  for 
varying  lengths  of  time.  In  every  case  an  excess  of  basic  material  was 
removed  and  the  remaining  soils,  after  being  thoroughly  washed  with 
distilled  water  were  found  to  be  distinctly  acid  to  sensitive  litmus  paper. 

A  simple  method  for  measuring  the  amount  of  ''acidity"  or  lime-re- 
quirement is  now  being  investigated.  This  method  depends  upon  the 
measurement  of  the  hydrogen  ion  concentration  of  a  water  extract  of  the 
soil  by  the  colorimetric  method.  The  results' of  this  work  are  very  promis- 
ing. 

Project  2ha:  "The  organic  nitrogenous  compounds  in  peat  soil8'\  Since 
Mr.  Miller's  return,  he  has  been  making  a  study  of  the  acid  amide  content 
of  peat  soils  upon  the  assumption  that  this  class  of  nitrogen  should  be 
the  most  readily  available  as  a  source  of  plant  food. 
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More  work  has  been  done  on  the  investigation  of  the  "Alkaline  Perman- 
ganate" Method  for  the  determination  of  availability  of  nitrogen  in 
mixed  fertilizers.  The  later  results  confirm  the  earlier  conclusions  and 
prove  that  the  action  of  the  permanganate  solution  is  not  confined  to 
any  one  group  or  groups  of  nitrogen  compounds.  It  does  prove,  how- 
ever, that  the  solution  acts  on  the  less  complex  nitrogen  compounds, 
such  as  the  primary  amines  and  probably  the  acid  amides  hberating  the 
nitrogen  most  completely.  The  more  complex  compounds  are  acted 
upon  very  slowly  and  the  action  is  progressive.  Our  results  indicate  that 
the  method  may  safely  be  used  to  differentiate  between  the  good  and 
poor  nitrogen  compounds.  This  work  will  be  prepared  for  publication  as 
soon  as  possible. 

Project  2e:  ''Absorption  in  relation  to  osmosis  in  soils."  Nothing  has 
been  done  during  the  past  year.  It  is  hoped  that  the  investigation  can  soon 
be  started  again. 

MISCELLANEOUS. 

One  hundred  ninety  two  samples  of  a  miscellaneous  nature  were  ex- 
amined during  the  year  and  in  addition  a  great  many  samples  of  marl,  of 
which  no  definite  record  was  made,  have  been  examined  in  order  to  de- 
termine their  agricultural  value. 

The  writer  attended  the  meeting  of  the  Association  of  Feed  Control 
Officials  in  Pittsburg,  January  13-14,  1919,  and  in  February  was  called  to 
Washington  as  chairman  of  the  legislative  committee  of  the  Association  of 
Feed  Control  Officials  to  attend  a  hearing  in  the  Department  of  Agriculture 
on  a  proposed  Federal  Feeding  Stuffs  Bill. 

The  usual  course  of  lectures  on  fertilizers  was  given  by  the  writer  to 
the  short  course  students  in  general  agriculture. 

In  closing  permit  me  to  thank  you  for  the  advice  and  counsel  that  you 
have  always  been  free  to  give  and  to  commend  the  faithful  and  loyal 
spirit  of  cooperation  exhibited  by  all  members  of  this  section. 

Very  truly  yours, 
ANDREW  J.  PATTEN, 

Chemist. 
East  Lansing,  June  30,  1919, 
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REPORT    OF    THE    ENTOMOLOGICAL    SECTION. 

Director  R.  S.  Shaw: 

Dear  Sir — Following  is  a  brief  report  of  the  work  of  the  Section  of 
Entomology  for  the  year  ending  June  30,  1919. 

The  season  has  brought  out  a  number  of  unusual  insects,  among  which 
is  the  clover  jassid  or  leaf -hopper,  which  occurred  in  the  southern  part 
of  the  State  on  clover,  at  Centreville  it  destroyed  from  half  to  three- 
quarters  of  the  crop  in  some  fields.  This  creature  (Agallia  sanguineolenta) 
did  its  worst  work  on  high,  dry  land  in  the  southern  part  of  the  State, 
and  was  fairly  well  distributed. 

A  jassid  on  potato,  which  caused  tip-burn  was  fairly  common  during 
the  latter  half  of  the  summer  of  1918.  This  tip-burn  which  has,  heretofore, 
been  attributed  to  weather  conditions  was  controlled  by  a  spray  of 
nicotine  sulphate  wherever  the  spraying  was  done  before  the  leaf-hoppers 
acquired  their  wings.  The  insects  pass  the  winter  in  hiding,  under 
rubbish,  and  the  destruction  of  all  rubbish  in  late  fall  after  the  cold 
weather  sets  in,  is  the  one  way  to  gain  permanent  control,  since  spray- 
ing for  them  is  only  a  half  measure  after  all. 

A  spittle  insect  on  clover  is  reported  as  being  very  plentiful  at  Chatham 
in  the  Upper  Peninsula  Sub-station  fields.  This  creature  *{Philaenus 
leucopthalmus  var.  fasciatus)  deposits  its  masses  of  fermenting  spittle- 
like excretions  all  over  the  clover,  and  while  the  clover  does  not  seem 
to  be  destroyed  yet  the  presence  of  the  frothy  mass  is  distinctly  disagree- 
able and  must  injure  the  clover  somewhat. 

The  com  root-aphis  was  present  in  unusual  numbers,  due  to  the  up- 
setting of  our  regular  estabUshed  rotation.  It  is  always  liable  to  ap- 
pear in  Michigan  when  corn  follows  spring-plowed  grass  sod.  This  is 
because  the  ants  are  able  to  establish  themselves  in  the  grass  sod  and 
the  ants  foster  the  aphids.  Land  which  has  been  under  intensive  cultiva- 
tion, that  is,  which  has  been  constantly  stirred,  is  much  safer  for  corn 
because  the  constant  stirring  does  away  with  the  ants. 

The  army  worm  appeared  in  several  southern  counties  and  many 
cases  were  reported — some  of  the  real  army  worm  and  some  which  turned 
out  to  be  other  insects.  The  cold,  wet  spring  favored  army  worms  as  well 
as  cut  worms  and  the  latter  were  present  in  very  unusual  numbers  all  over 
the  State.  The  Erratic  Army  Worm  {N octua  fennica)  appeared  in  cut-over 
districts  in  the  north  where  it  was  confused  with  the  true  army  worm. 
Being  confined  to  non-agricultural  land  it  did  very  little  damage  except 
to  gardens  that  had  been  put  in  here  and  there  in  the  cut-over  land. 

A  Cramhid  or  grass  web-worm  has  been  troublesome  in  young  corn, 
where  the  larvae  bore  through  the  roots  and  stalks,  at  the  same  time 
spinning  webs  at)0ut  the  roots.  These  Cramhids  are  found  normally,  in 
grass  sod  and  establish  themselves  on  corn  whenever  infested  grass  sod 
is  plowed  in  the  spring  and  corn  is  planted.  Our  unusual  labor  con- 
ditions, together  with  the  up-setting  of  the  estabUshed  rotations  in  the 
attempt  to  grow  grains,  has  led  farmers  to  plow  meadows  late  and  to  put 
in  com  which  has  been  followed  by  web-worm  injury,  often  mistaken  for 
injury  due  to  the  European  Corn-borer. 

*  Identified  for  us  by  Edmund  A.  Qibsoo,  National  MuBcum. 
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For  several  years  grasshoppers  have  been  very  bad  in  Antrim,  Benzie, 
Charlevoix,  Cheboygan,  Crawford,  Emmet,  Grand  Traverse,  Kalkaska, 
Manistee,  Missaukee  and  Roscommon  counties.  At  the  present  time  a 
crusade  is  being  carried  on  by  our  extension  expert,  in  cooperation  with 
the  county  agent  in  these  respective  counties.  A  poisoned  sawdust  bait 
is  being  used.  This  sawdust  bait  is  a  substitute  for  the  bran  bait  which, 
it  is  hoped,  will  cut  down  the  expense  and  still  do  the  work.  It  is  made  as 
follows: 

1  bu.  of  hardwood  sawdust 

X  lb.  white  arsenic 

1  lb.  (scant)  salt 

}4  pt-  molasses 

Water  to  make  a  stifif  mash 

Apparently  this  is  proving  successful  at  the  present  time.  An  encourag- 
ing feature  of  the  outlook  is  that  many  of  the  grasshoppers  are  being  at- 
tacked by  a  parasitic  red  mite,  Tromhidium, 

The  appearance  of  the  European  Corn-borer  in  the  United  States  has 
naturally  put  the  entomologists  of  all  the  states  on  guard  to  prevent 
the  further  spread  of  this  most  threatening  of  all  pests.  Thus  far  none 
of  the  real  imported  borers  have  been  found,  but  many  samples  of  other 
insects  and  of  their  work,  closely  resembling  the  work  of  the  imported 
pest,  have  been  sent  in.  They  include  the  common  stalk  borer,  papaipema 
nitela,  some  Crambids,  and  Hadena  fractilinea.  These  latter  borers  have 
attracted  more  attention  than  usual,  no  doubt,  due  to  their  resemblance 
to  their  dreaded,  imported  relative. 

The  17-year  cicada  made  its  appearance  on  schedule  time  but,  as 
was  to  be  expected,  in  smaller  numbers  than  ever  before  and  although 
many  reports  of  damage  were  sent  in  it  is  Ukely  that  the  damage  was 
done  by  other  insects  working  in  the  same  trees,  whose  work  was  blamed 
on  the  cicadas. 

The  pale-striped  flea-beetle  did  some  damage  to  potatoes,  beets  and 
beans  during  the  dry  spell,  but  the  coming  of  wet  weather  usually  puts 
a  stop  to  their  ravages. 

Cherry  slugs,  the  larvae  of  sawflies,  on  cherries  and  pears,  were  also 
very  numerous  this  season.  They  are  usually  killed  by  a  spray  of  an  arseni- 
cal but,  unfortunately,  the  first  generation  comes  whUe  cherries  are  ripen- 
ing and  is,  therefore,  allowed  to  escape  because  one  hates  to  apply  arseni- 
cals  to  ripening  fruits.  The  second  generation,  however,  appears  in 
August  and  should  be  disposed  of  in  order  that  the  trees  may  be  safe 
the  year  following. 

At  the  present  moment  the  Hessian  fly  is  on  the  increase  in  Michigan. 

The  lower  half  of  the  State  is  well  seeded  down  with  the  flaxseeds  at  the 
present  time  and  while  Uttle  loss  has  as  yet  resulted,  the  insects  are 
widely  scattered.  This  is  due  to  early  seeding  in  the  attempt  to  avoid 
winter  killing.  Two  years  ago  the  wheat  showed  Uttle  fly,  and  much  wheat 
had  died  the  previous  winter  owing  to  the  severe  cold  weather  while  the 
wheat  was  thinly  covered  with  snow.  A  year  ago  last  fall  a  repetition  of 
this  loss  was  feared  and  farmers  were  advised  to  sow  earlier  than  usual, 
since  the  fly  was  not  very  plentiful  at  that  time  and  the  need  for  grain  was 
most  urgent.  The  advice  proved  to  be  good,  since  a  good  crop  resulted, 
but  last  fall  when  the  attempt  was  made  to  get  back  to  fly-free  sowing 


Digitized  by 


Google 


2?^  STATE  BOARD  OF  AGRlOtlLTtJllfi. 

dates,  it  was  impossible  to  do  so,  with  the  result  that  early  sowing  haf? 
favored  the  increase  of  the  Hessian  fly  which  is  at  present  well  established. 
A  repetition  of  early  seeding  bids  fair  to  result  in  serious  losses  next  year. 

The  work  of  Doctor  W.  L.  Chandler  has  progressed  very  satisfactorily. 
This  spring  an  inquiry  into  the  life  history  of  the  ox-warble  (grub-in- 
the-back)  was  started,  and  three  calves  were  isolated  in  a  specially  con- 
structed, screened  building,  in  order  to  shut  out  the  parent  flies  of  the 
ox-warble  from  depositing  any  eggs  other  than  those  under  observation. 
Many  larvae  were  collected  from  the  backs  of  cattle  in  our  herds  and  the 
adults  bred.  Thus  far  no  success  has  attended  the  attempt  to  induce 
these  flies  to  oviposit  on  the  calves  in  the  sheds.  Neither  could  he  get 
the  flies  outside  to  utilize  his  particular  calves  for  purposes  of  egg-laying, 
although  several  were  captured  and  attempted  to  do  so.  It  would  seem 
that  the  ox-warble  will  not  oviposit  in  captivity.  It  is  hoped  that  these 
diflSculties  may  be  overcome,  however,  amd  definite  information  ob- 
tained from  further  attempts. 

An  experiment  dealing  with  the  determination  and  prevention  of  gapes 
in  poultry  was  started  this  spring.  Some  very  interesting  data  have  been 
obtained,  but  it  is  too  early  to  report  the  results  as  yet. 


THE  WHEAT  JOINT-WORM. 

BY  R.  H.  PETTIT  AND  EUGENIA  MCDANIEL. 

A  tiny  wasp-like  insect  that  induces  swellings  and  woody  growths 
in  the  straws  of  wheat  and  barley  plants,  causing  some  of  the  plants  to 
bend  at  sharp  angles  and  lodge,  besides  interfering  seriously  with  the 
full  development  of  the  kernels. 

Three  times,  at  least,  Michigan  has  suffered  outbreaks  of  this  pest — 
once  in  1884,  at  which  time  Professor  A.  B.  C.ook  records  it ;  once  in  1905  and 
1906,  which  outbreak  was  observed  by  one  of  the  writers,  and  once  during 
the  summer  of  1918.  This  last  invasion,  like  the  others  was  wide-spread, 
but  in  this  case,  the  common  wheat  joint-worm  was  accompanied  in  some 
counties  by  a  less  common  species  called  the  wheat  sheath-worm,  /.  vagin- 
icolum.     While  the  common  wheat  joint-worm  is  always  with  us  here 


Wheat  Joint-worm.— (/«o«oma  tritici),  Male  at  left,  female  at  rigbt.  enlarged  (orlgliiaD. 
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Parasite  of  wheat  Joint- worm  {Eurotoma  bolteri),  enlarged  (original). 

and  there,  it  is  only  at  long  intervals  that  it  seems  to  be  relieved  of  all 
restraint  and  to  take  possession  of  fields  of  wh^at  all  over  the  country. 
Such'  occasions  are  undoubtedly  brought  about  by  weather  conditions  un- 
favorable to  the  parasites  which  ordinarily  keep  the  pests  in  check.  There 
is  a  continuous  rivalry  between  the  pest  and  its  parasites  as  between  the 
hunted  and  the  hunter,  and  while  the  joint-worm  occasionally  gets 
ahead  and  makes  trouble,  just  so  surely  in  the  past,  the  parasites  have 
searched  them  out  and  destroyed  all  but  an  insignificant  remnant — sub- 
sequently almost  disappearing  themselves  for  lack  of  sufficient  food. 

In  the  case  of  the  common  wheat  joint-worm,  Isosoma  triticiy  there 
is  but  one  annual  generation.  The  tiny,  winged  wasp-like  insects  emerge 
from  their  cells  in  the  straw,  usually  in  the  stubble-fields,  and  lay  their 
eggs  in  the  wheat  just  after  it  begins  to  lengthen  out  in  the  spring.  Each 
egg  is  pushed  into  a  hole  that  is  bored  into  the  succulent  straw  at  the. 
tenderest  spot,  which  is  just  above  a  node  or  joint.  Sometimes  a  dozen 
or  so  eggs  are  scattered  above  each  joint,  although  more  often  only  part 
of  the  straw  is  utiHzed  in  this  way.  One  can  form  a  more  or  less  accurate 
estimate  as  to  the  time  when  the  eggs  were  laid  in  each  field  since  the  most 
tender,  new  growth  is  selected;  for  instance — straws  attacked  near  the 
lower  part  of  the  plant  show  that  the  eggs  were  laid  while  the  plant  was 


?ig.  3.— Swellings  made  by  common  Joint- wormi  (Uoaoma  tritici)  in  straw »  enlarged. 
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less  advanced  than  those  bearing  the  galls  inr  the  middle  part  or  in  the 
upper  part.  When  the  eggs  hatch  into  larvae,  their  effect  is  soon  notice- 
able in  the  thickened  wall  of  the  culm  or  straw  proper.  This  thickening 
becomes  apparent  both  by  the  increase  in  diameter  and  by  the  diminish- 
ing size  of  the  bore  in  the  straw,  the  central  canal  sometimes  becoming 
completely  closed.  At  this  time,  slicing  the  straw  reveals  cavities  in 
the  walls  in  which  cavities  are  to  be  seen  the  grubs  or  larvae.  The  straw 
also  becomes  woody  and  often  distorted'  so  that  in  some  fields  one  finds 
bent  and  twisted  straws  which  refuse  to  stand  erect,  but  lie  on  the  ground 
instead,  where  they  escape  the  reaper  even  if  the  heads  succeed  in  filling. 
The  straws  that  are  attacked  seldom  produce  their  full  weight  of  grain, 
although  the  loss  varies  from  a  slight  shrinkage  to  almost  a  total  absence 
of  seed. 

At  threshing  time  the  woody  sections  are  apt  to  break  out  in  the 
separator,  resulting  in  a  lot  of  peg-Uke  hard  fragments  from  half  an 
inch  to  three  inches  in  length,  and  often  this  is  the  first  intimation  to 
the  farmer  that  anything  is  wrong.  Fortunately,  few  of  the  larvae  in 
these  woody  sections  live  through  the  rough  treatment  that  they  re- 
ceive during  threshing,  as  repeated  trials  have  shown  us,  since  we  have 
never  succeeded*  in  rearing  any  adults  from  such  material. 

The  stubble  from  the  same  fields,  on  the  contrary,  usually  yields 
quantities  of  adults  when  placed  in  beeeding  cages,  and  in  the  stubble 
lies  the  danger,  since  it  is  here  that  the  little  fellows  winter  over.  If 
our  system  of  agriculture  permitted  the  deep  plowing  of  wheat  stubble 

immediately  after  harvest,  the  trouble  with  joint- 
worm  and  several  other  troublesome  pests  would 
largely  disappear.  Our. custom  of  using  wheat 
for  a  nurse  crop  for  clover  prevents  us  from 
settling  the  matter  in  this  way.  There  are  left 
to  us  the  employment  of  measures  unfavorable 
to  the  insects  and  the  substitution  for  a  year  or 
so  of  a  grain  crop  immune  to  the  joint-worm. 
The  crop  that  comes  most  nearly  up  to  our 
ideas  of  a  substitute  is  rye,  although  rye  is 
sometimes  slightly  attacked  by  the  wheat  joint- 
worm.  Barley  is  often  badly  attacked  and  so 
far  as  Michigan  is  concerned,  no  other  grain  crop 
would  be  seriously  and  generally  considered. 

It  must    be    remembered    when    considering 

practices    unfavorable    to    the    pests    that    the 

■  adult  insects,  when    borne  on  favorable  winds, 

Wheat  Joint-worm.—     Ay  the  better  part   of   a  mile    and   it  would   be 

civ^ty^in'^^rtSlwr^^i^S     hopeless   to   even  try  to    put  new  wheat   fields 

^original).  '  at  fa  (distance   of   half   that    distance  from  old 

stubble.  Nevertheless,  it  is  well  to  avoid  sowing 
new  wheat  any  nearer  old  stubble  than  is  necessary  during  an  outbreak. 
Since  the  insects  winter  over  in  stubble  and  comparatively  few  sur- 
vive the  journey  through  the  separator,  it  follows  that  the  shorter  the 
stubble  the  fewer  the  pests  that  will  winter  there.  Therefore,  cut  low. 
Some  growers  prefer  to  cut  high  and  then  after  the  old  dead  straws  have 
rotted  somewhat  at  their  bases,  to  comb  out  the  dead  straws  with  a 
side  delivery  rake  and  destroy  by  fire.  In  no  case  should  wheat  follow 
wheat  during  an  outbreak. 
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As  soon  as  the  presence  of  a  serious  outbreak  became  established, 
the  department  took  steps  to  obtain  samples  of  infested  straw  from 
standing  grain,  through  its  own  members,  the  county  agricultural  agents, 
the  State  Crop  Improvement  Association,  and  through  Professor  A.  C. 
Conger  of  the  Department  of  Zoology,  all  of  whom  kindly  assisted. 
These  samples,  numbering  several  hundreds,  were  collected  for  the  most 
part,  from  the  southern  half  of  the  State  and  were  suitably  caged  and 
observed  daily.  During  the  summer  thousands  of  parasites  belonging 
to  five  species  emerged  from  the  caged  straws.  The  following  list  is  ar- 
ranged in  order  of  their  numerical  importance: 

*1.     Diiropinotus     aureo- 
viridis 

2.  Hovwporus       chalcido- 
phagus 

3.  Eupelmus  alynii 

4 .  Eupebninus  saltator 

5 .  Eridontomerus     prui- 
nosa 

These  parasites  wei-e  pi-etty 
generally  distributed  over  the 
lower  half  of  the  State,  the 
Ditropinotus  being  by  far  the 
most  common,  and  on  sev- 
eral occasions  this  latter  species 
was  seen  to  be  ovipositing  back 
in  the  dried  straws  from  which 

fVin     .)  rl  111  f  Q    hsi/1      r^r»Anf  Iv  Parasite   of    Wheat     Joint-worm.     (Ditropinotus 

the    adults    naa     l  e  C  e  n  t  l  y  aureoviridis)  enlarged  ^original). 

emerged. 

The  cages  were  placed  in  the  cold  room  of  our  insectary  so  that  the 

<!traw  with  the  living  joint  worms  and  whatever  parasites  wf^re  present 

might  experience  approxi- 
mately outside  conditions. 
They  were,  however,  brought 
into  the  warm  room  in 
March  in  order  to  hasten 
the  emergence  of  such  life 
as  might  be  present.  As  a 
result,  we  obtained  thous- 
ands of  the  joint  worm  adults 
and    quantities    of    another 

Paraslteof  Wheat  Jaint-worm     mpelminu,  saUator)  SpecieS  of  parasite,    Eurotoma 

enlarged  (originai).  holten,  which  closely  resem- 

bles the  joint  worm  itself  in 
the  adult  stage.  Last  of  all  there  emerged  another  large  crop  of  Ditro- 
pinotus, evidently  the  result  of  eggs  laid  in  the  cages  by  the  adults  that  had 
emerged  during  the  previous  summer. 

This  year  (1919)  the  joint-worm  seems  to  be  scattered  pretty  well 
over  the  State,  but  only  in  comparatively  few  cases  is  the  infestation 


'Kindly  determiDed  by  Mr.  W.  J.  Phillips  of  the  Bureau  of  EntomoloKy. 
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as  bad  as  it  was  last  year.  Some  few  fields  in  southern  Michigan  have 
suflfered,  but  the  situation  as  a  whole  seems  to  be  markedly  improved. 
The  foregoing  refers  to  the  common  wheat  joint-worm,  Isosoma  triiici. 
The  more  serious  species  known  as  the  sheath  joint-worm,  (Isosoma 
vaginicola)  on  the  other  hand  produced  comparatively  few  parasites  in 
our  cages,  although  it  was  not  so  widely  distributed,  being  confined  more 
especially  to  the  eastern  part  of  the  State.  The  work  of  this  species  shows 
it  to  be  still  plentiful — possibly  worse  than  in  1918.    Several  large  fields 

are  reported  as  practically  worth- 
less this  year,  while  no  one  seoms 
to  find  any  improvement.  To  sum 
up  the  situation  the  common  joint- 
worm  is  being  rapidly  destroyed 
by  its  parasites  and  the  wheat 
sheath  joint-worm  is  spreading  some- 
what, owing  to  the  delay  in  the  ar- 
rival of  its  own  particular  parasites. 
The  survey  of  pathogenic    para- 

Ditrnpinolus   aiircoriridh,  with  ovipositor  in-     sitCS    of     food     auimals      is     progress- 

serted  in  whoatst  aw.  enlarged  ^original),      jj^g  satisfactorily  and  thus  far  there 

has  been  no  necessity  for  sending 
out  to  get  material;  that  sent  in  for  examination  and  the  material  ob- 
tained from  post-mortems  through  cooperation  with  the  Department  of 
Pathology  has  supplied  as  much  material  as  could  be  utilized.  It  ap- 
pears that  during  the  pursuit  of  this  inquiry  a  few  new  records  for  the 
United  States  have  been  estabhshed. 

During  the  year  the  following  publications  have  been  put  out  by  the 
section : 
Special : 

^'Spray  and  Practice  Outline  for  1919''— H.  J.  Eustace  and  R.  H.  Pet- 
tit. 
Circular: 

"Foul  Brood''— B.  F.  Kindig. 

Press  Bulletins: 

''House-flies  and  Influenza" — Doctor  W.  L.  Chandler. 
''Onion  Maggot"— R.  H.  Pettit. 
The  following  articles  have  been  contributed  to  the  Experiment  Station 
Quarterly  by  the  section: 

"Stomach  Worms  in  Sheep" — Dr.  W.  L.  Chandler. 
"Heat  Insulators  for  Bee-hives" — R.  H.  Pettit. 
"Entomological  Notes"— R.  H.  Pettit. 
"Round  Worms  in  Swine" — Doctor  W.  L.  Chandler. 
"New  Pests  for  Which  We  Should  be  on  the  Look-out"— R.  H.  Pettit. 
"Ox-warbles"— Doctor  W.  L.  Chandler. 
"Periodical  Cicada"— R.  H.  Pettit. 
On  July  1,   1918,  Doctor  W.  L.  Chandler  became  a  member  of  the 
Section  of  Entomology  of  the  Experiment  Station,  having  the    title   of 


Digitized  by 


Google 


EXPERIMENT  STATION  REPORTS.  277 

Research  Assistant  and  devoting  his  entire  time  to  the  Experiment  Station. 
At  the  beginning  of  the  present  fiscal  year  his  title  was  changed  to  Re- 


work of  the  less  common  but  more  destructiye  Joint- worm  (I.  vaginicola)  ^  also  known 
as  the  wheat-sheath  joint-worm. 

search  Associate  in  Parasitology  and  a  part  of  his  time  was  changed  from 
Experiment  Station  to  the  Department  of  Entomology  of  the  College. 

Respectfully  submitted, 

R.  H.  PETTIT, 

Entomologist. 
East  Lansing,  Mich.,  June  30, 1919. 
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REPORT  OF  THE  HORTICULTURAL  SECTION 

To  the  Director, 

Sir: 

I  herewith  make  a  report  of  the  Horticultural  section  tor  the  year 
ending  June  30,  1919.  The  investigational  work  of  the  section  has 
been  concerned  chiefly  with  such  lines  of  work  as  have  been  previously 
reported.  Progress  has  been  made  along  these  lines  in  the  following 
projects: 

DUSTING  AND  SPRAYING  EXPERIMENTS*. 

The  work  in  this  line  was  continued  in  the  orchards  at  Morrice,  Belding 
Muir,  and  Grand  Ledge,  using  the  various  dusts  and  comparing  them 
with  the  arsenate  of  lead  and  lime  sulphur  spray  to  ascertain  the  com- 
parative values  of  these  materials  in  controlling  insects  and  diseases  of 
apples. 

MATERIALS     AND     APl>IiICATIONS. 

Morrice: 

The  Dusting  Mixtures  used  were  home  mixed,  using  90%  Niagara 
Dusting  Sulphur  and  10%  Corona  Dry  Arsenate  of  Lead. 

The  Spraying  Mixtures  consisted  of  Dow  Lime  Sulphur  134  in  50, 
Toledo-Rex  Calcium  Arsenate  (powder)  1  in  50,  and  the  Dow  Lead 
Arsenate  (paste)  2%  in  60.  All  the  sprays  were  applied  with  the 
Friend  and  Hardie  Spray  Gun. 

Applications.  Four  regular  applications  of  all  mixtures  were 
made,  both  dusting  and  spraying. 

Belding: 

Dusting:  Four  applications  were  made  according  to  the  regular 
spraying  schedule.  First  and  second,  86-15  sulphur  and  arsenate  of 
lead;  third  and  fourth,  Niagara  3  in  1  sulphur,  tobacco  and  arsenate 
of  lead.    All  materials  mixed  by  the  Niagara  Sprayer  Co. 

Spraying:  Dow  lime  sulphur,  134  in  ^0,  and  Dow  lead  arsenate 
(paste),  2^  in  50. 

Mxdr: 

Dusting:  All  dusting  done  by  Mr.  Wolverton,  foreman  at  the 
orchard.  Four  applications.  First  and  second,  Sulphur  50%, 
tobacco  35%,  calcium  arsenate  15%.  Third  and  fourth,  85-15, 
sulphur  and  arsenate  of  lead.  All  materials  mixed  by  the  Niagara 
Sprayer  Company.  

Spraying:  Lime  sulphur,  1  in  50,  Toledo-Rex  Calcium  Arsenate 
(powder),  1  in  50,  and  Corona  Dry  Lead  Arsenate  13^  in  50.  All 
spraying  done  with  Friend  Spray  Gun  under  high  pressure,  225  to 
250  lbs.    Four  applications  according  to  regular  schedule. 

Grand  Ledge: 

Four  applications  of  all  materials.    Friend  Spray  Gun  used  for  al 
spraying.    Materials  used  at  the  following  rates: 
Lead  arsenate  (Corona  Dry) :  1  in  50 


•  Noto— For  report  of  previout  work  see  SpeoUl  Bulletin  No.  87,  DuatugMid  Sprajnng  Experiments  with  Apples. 
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Calcium  Arsenate  (Toledo-Rex  Dry) :  1  in  60 

Dow  Lime  Sulphur:  1 J^  in  50 

Sherwin-Williams   Dry   Lime   Sulphur,   3   in   50,   the   maximum 

amoimt  recommended  by  the  manufacturers. 
Sherwin-Williams   Dry   Lime   Sulphuf,   53^  in   50,   the  amoimt 

necessary  to  get  as  much  sulphur  as  is  found  in  IJ^  gallons 

lime  sulphur,  32°  B. 
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SUMMARY  OF  RESULTS. 


Morrice — The  foliage  of  the  dusted  trees  in  the  Morrice  orchard  was 
in  better  condition  than  of  the  sprayed  trees.  There  was  no  injury  and 
very  little  scab.  The  lime  sulphur  and  lead  arsenate  spray  caused  a 
little  foliage  injury  but  much  less  than  the  lime  sulphur  and  calcium 
arsenate. 

The  dusting  gave  sUghtly  better  control  than  the  sprays  but  the  amount 
was  so  small  in  every  case  that  the  only  inference  that  could  be  drawn  was 
that  the  dust  was  equally  eflBcient. 

Muir — The  foliage  of  the  dusted  trees  at  Muir  was  in  nearly  perfect 
physical  condition  during  the  entire  season.  There  was  no  scab  on  the 
foliage.  The  combination  of  lime  sulphur  and  lead  arsenate  caused  some 
foliage  injury.  This  was  not  serious.  The  combination  of  lime  sulphur 
and  calcium  arsenate  caused  severe  burning  of  the  foliage.  This  was  much 
worse  than  on  trees  sprayed  with  lime  sulphur  and  lead  arsenate.  The 
dusting  work  in  this  orchard  has  been  uniformly  successful  during  the  past 
three  seasons. 

Belding  Foliage — On  dusted  trees  there  was  a  very  small  amount  of 
scab  on  the  leaves  and  no  spray  injury.  On  sprayed  trees  there  was  no 
scab  but  a  small  amount  of  spray  injury.  On  the  check  tree  there  was 
some  scab  but  not  enough  to  prove  serious. 

Fruit — The  fruit  from  four  dusted,  four  sprayed  and  one  check  ttee  was 
sorted  and  counted. 

On  the  sprayed  trees  there  was  nearly  six  percent  more  scabby  fruit 
than  on  the  dusted  trees,  there  being  but  one  and  seven-tenths  percent 
of  scabby  fruit  on  the  dusted  trees. 

The  check  trees  developed  a  sufficient  amount  of  scab  to  prove  the 
comparatively  values  of  these  methods  of  scab  control.  There  was 
practically  no  insect  injury  even  on  the  check  trees. 

Grand  Ledge — No  conclusion  can  be  drawn  from  this  test  of  the  relative 
value  of  using  a  larger  amount  of  the  Dry  L-S  Powder  as  the  scab  did  not 
develop  sufficiently  on  the  checks.  A  test  was  made  of  the  lime-sulphur 
and  calcium  arsenate  poison  comparing  it  to  the  lime-sulphur  and  lead 
arsenate  in  controlling  the  codling  moth  worm  and  other  insects.  In 
most  of  tests  with  arsenate  of  calcium  we  have  had  more  or  less  foliage 
injury;  otherwise,  the  calcium  arsenate  has  apparently  been  as  efficient. 

DUSTING  CUCUMBERS  AND  SQUASH  TO  CONTROL  APHIDS. 

It  has  been  found  desirable  to  ascertain  the  eflfectiveness  of  dusts  in 
controlling  the  insects  and  diseases  of  ground  crops  such  as  squash  and 
cucumbers.    The  following  is  a  report  on  this  subject. 

Materials.  A  mixture  secured  itom  the  Niagara  Sprayer  Company  and 
designated  by  them  as  '^Niagara  Contact  Special  Dusting  Mixture"  was 
used.    The  analysis  given  by  them  was : 

Active  Ingredients: 

Sulphur— not  less  than 49.00% 

Nicotine — not  less  than 25% 

Inert  Ingredients 50. 75% 

100.00% 
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The  50.75%  of  inert  ingredients  is  probably  mostly  tobacco  dust  as 
the  percentage  of  actual  nicotine  in  tobacco  dust  is  quite  low. 

Equipment  and  Application,  The  dusting  material  was  applied  with  the 
Ideal  Power  Duster.  When  dusting  cucumbers  the  team  was  driven  so 
that  the  duster  was  directly  over  the  row  and  each  hill  was  dusted  as  the 
machine  passed  over.  If  the  vines  were  long  enough  to  be  in  the  path 
of  the  wheels  they  were  easily  turned  so  as  not  to  be  injured  by  team  or 
wheels. 

The  outlet  was  held  very  close  to  the  ground  and  swung  from  side 
to  side  so  as  to  cover  the  entire  hill.  The  leaves  were  easily  turned  up  and 
in  many  cases  the  whole  vine  would  be  lifted  from  the  ground  so  that  the 
dusting  material  easily  reached  the  under  surfaces  of  the  leaves. 

Because  of  the  large  size  of  the  squash  plants  it  was  not  possible  to 
drive  over  as  with  the  cucumbers;  the  duster  was  driven  along  one  side  of 
the  row. 

Results.  The  under  surfaces  of  the  cucumber  leaves  were  well  coated 
with  the  dusting  material,  so  that  it  was  quite  certain  to  come  in  contact 
with  any  aphids  that  might  be  there.  Very  few  live  aphids  except  a  few 
of  the  winged  form,  could  be  found  after  a  few  hours  from  the  time  the 
dust  was  applied.  With  the  squash  it  was  impossible  to  distribute  the 
dust  to  all  parts  of  the  plants.  It  is  necessary  to  have  the  outlet  quite 
close  to  the  plants. 

Conclusions.  Aphids  can  be  controlled  by  the  dusting  method  when  con- 
ditions are  such  that  the  dust  can  be  brought  in  contact  with  them.  This 
can  be  done  with  such  crops  as  cucumbers  or  muskmelons,  but  not  with 
rank  growing  vine  crops  such  as  squash  excepting  during  their  earlier 
periods  of  development. 

DUSTING  POTATOES  TO  CONTROL  COLORADO  POTATO  BEETLE. 

Materials.  The  dusting  material  used  was  a  mixture  of  Dry  Calcium 
Arsenate  (Corona  Brand— 47%  arsenic  oxide)  and  talc.  It  was  mixed  in 
the  proportion  of: 

Calcium  arsenate 15% 

Talc 85% 

This  makes  a  very  fine,  smooth,  and  easy-flowing  mixture. 

Applicaiions.  The  dusting  was  all  done  with  the  Ideal  Power  Duster 
with  the  same  outlet  used  for  dusting  trees.  Four  rows  were  dusted 
at  each  trip  through  the  field,  by  holding  the  outlet  pipe  close  to  the 
plants  and  swinging  it  from  side  to  side. 

Work  in  College  Gardens.  Twenty-four  rows  in  a  potato  field  were 
dusted  and  the  remainder  of  the  field  was  sprayed  with  Calcium  Ar- 
senate at  the  rate  of  1 J^  lbs.  in  50  gallons  of  water. 

Results.  As  soon  as  the  dusting  and  spraying  were  finished  a  con- 
siderable number  of  plants  in  both  plots  that  had  a  noticeable  number 
of  beetles  on  them  were  marked  with  stakes.  Both  methods  were  entirely 
successful.  Within  two  hours  after  the  application  of  the  dusting  ma- 
terial many  of  the  beetle  larvae  were  showing  ffects  of  the  poison.  No 
live  larvae  could  be  found  the  next  morni  ig  (about  eighteen  hours  aftei 
application)  on  either  plot.    Although  there  is  no  definite  data  for  this 
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point,  it  is  thought  that  the  dust  acted  more  quickly  than  the  spray. 
This  difference  would  be  attributed  to  the  greater  concentration  oi  the 
poison  in  the  dust. 

CONCLUSIONS. 

This  experiment  indicates  very  strongly  that  dusting  with  calcium 
arsenate  as  described,  is  an  entirely  satisfactory  method  of  controlling  the 
larvae  of  the  Colorado  potato  beetle. 

There  were  very  few  of  the  adult  beetles  present  when  this  work  was 
done.  Considerable  difficulty  has  been  experienced  at  times  in  controlling 
them  by  spraying.  There  is  no  apparent  reason  why  dusting  would  not 
be  at  least  as  efficient  as  spraying,  as  the  poison  when  applied  as  dust  is 
usually  in  a  more  concentrated  form. 

STORING  SMALL  FRUITS  AT  TEMPERATURES  BELOW  PREE7ING. 

The  work  of  the  past  year  in  the  storage  of  perishable  fruits  was  con- 
fined to  thos^  that  proved  the  most  promising  in  the  tests  of  previous 
years;  namely,  the  Montmorency  cherries  and  the  black  raspberries. 
They  were  picked  at  the  regular  season  of  harvesting,  treated  in  various 
ways  and  placed  in  the  storage  where  the  temperature  was  maintained  at 
18®  to  20°  F.  In  a  general  way  it  was  found  that  these  fruits  kept  better 
when  stored  in  an  air-tight  container  such  as  a  Mason  jar  or  even  a 
crate  wrapped  tightly  with  paper.  When  stored  in  such  a  manner  it  was 
found  that  there  was  less  shrinkage  and  less  change  in  the  color  of  the 
fruit  during  the  storage  period.  Mold  developed  on  the  raspberries 
when  not  stored  in  air  tight  containers. 

Montmorency  cherries  which  were  washed,  stemmed  and  pitted,  and 
then  placed  in  Mason  jars  and  tightly  sealed  were  stored  successfully 
from  July  until  the  following  March.  When  removed  from  storage  at 
the  latter  tin^e  the  color,  flavor,  and  general  condition  of  the  fruit  were 
excellent.  Cooking  tests  made  from  these  cherries  proved  that  the  fruit 
was  of  a  much  higher  quality  for  pies  than  when  canned  cherries  were 
used  or  those  stored  in  any  other  manner. 

POTATO  &PRAYING. 

The  work  of  the  past  season  on  potato  spraying  was  confined  largely 
to  comparative  tests  of  the  arsenate  of  lead  with  the  calcium  arsenate 
as  a  poison  to  control  the  potato  beetle.  The  tests  prove  that  calcium 
arsenate  can  be  used  as  a  substitute  for  the  lead  arsenate  with  very  little 
danger  of  foliage  injury  as  there  has  been  no  foliage  injury  developed  by 
either  of  these  poisons  in  this  test. 

BUD  SELECTION  AND  PERFORMANCE  RECORDS  WITH  APPLES. 

This  work  started  in  1914,  the  past  year  completing  the  fifth  season 
in  which  the  section  has  been  cooperating  with  the  United  States 
Department  of  Agriculture  on  obtaining  records  from  a  plot  of  120  Bald- 
win trees  at  Bel  ding  in  the  orchard  of  Mr.  B.  F.  Hall.  Records  have  been 
kept  for  each  of  these  trees  as  to  the  si^ze,  yield,  and  peculiarities  of  the 
fruit  produced.  While  the  records  thus  far  show  no  great  variations 
in  the  productiveness  of  the  trees  some  very  interesting  and  important 
variations  in  the  type  of  fruit  produced  have  been  discovered.  One  of 
these  important  types  has  proved  to  be  of  very  poor  storage  quality.  This 
experiment  will  be  continued  the  coming  season. 
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EXPERIMENT  TO  TEST  THE  VALUE  OP  VARIOUS  MATERIALS  ON  THE  TRUNKS 
OF  YOUNG  FRUIT  TREES  TO  TREVENT  RABBIT  AND  FIELD  MOUSE  INJURY. 

Seventy-five  young  trees  were  painted  with  the  following  materials: 
(concentrated  Lime  Sulphur,  Lime  Sulphur  and  Lime,  Bordeaux  Lime, 
Sulfocide,  Lime  Sulphur  and  Arsenate  of  Lead,  Arsenate  of  Lead. 

The  trees  were  growing  in  a  thick  heavy  sod,  making  conditions  favor- 
able for  injury  from  mice. 

The  only  material  that  seemed  to  have  any  apparent  effect  was  the 
thick  Bordeaux,  as  both  early  and  late  injury  was  apparent  on  practically 
all  the  trees  in  the  plot.  This  test  rather  demonstrates  the  futility  of 
painting  the  trunks  of  young  trees  to  prevent  rabbit  and  mice  injury 
over  winter.  We  would  advise  the  use  of  the  galvanized,  four-mesh 
screen  as  the  best  preventative. 

Considerable  work  was  started  by  Mr.  R.  W.  Peterson,  Assistant 
Horticulturist,  on  Vegetable  Plant  Selection.  Mr.  Peterson  was  called 
into  service  and  the  work  during  the  past  year  in  this  line  was  very 
limited.  It  is  hoped  to  develop  and  extend  this  field  of  experimental 
work  in  the  interest  of  the  vegetable  growers  and  the  canning  factories  of 
the  State. 

Of  the  other  lines  of  investigational  work  that  have  been  continued 
the  past  year  there  is  nothing  of  special  interest  to  report  at  this  time. 

Mr.  W.  C.  Button  has  acted  as  assistant  horticulturist  of  the  Experi- 
ment Station  during  the  entire  year,  being  the  only  one  in  the  section 
giving  his  entire  attention  to  experimental  work.  We  wish  to  take 
this  liberty  of  expressing  our  appreciation  for  his  services  during  the  past 
year. 

H.  J.  EUSTACE. 
East  .Lansing,  June  30,  1919.  Horticulturist. 


REPORT  OF  THE  SOILS  SECTION 

Director  R.  S.  Shaw,  East  Lansing,  Michigan: 

It  is  with  pleasure  that  I  submit  to  you  the  report  of  the  Soils  section 
for  the  fiscal  year  ending  June  30,  1918. 

The  experimental  and  research  work  has  been  vigorously  pursued. 
Five  bulletins  have  emanated  from  this  section,  namely.  Bulletin  No.  91, 
Some  General  Information  on  Lime  and  its  Uses  and  Functions  in  Soil, 
Bulletin  No.  248,  Some  Information  and  Suggestions  Concerning  the 
Uses  of  Phosphorus,  Technical  No.  42,  Relationships  Between  the  Unfree 
Water  and  the  Heat  of  Wetting  of  Soils  and  its  Significance,  Technical  No. 
43,  Soluble  Salt  Content  of  Soils  and  Some  Factors  Affecting  it,  and  Tech- 
nical No.  44,  Rate  and  Extent  of  SolubiUty  of  Soils  Under  Different 
Treatments  and  Conditions. 

The  various  projects  under  way  are  as  follows: 

I.*  Soil  management,  and  studies.  This  involves  investigations  of  the 
moisture  and  structural  relationships  of  soil  fertiUzer  needs  with  special 
reference  to  a  proper  balance  of  different  elements  of  plant  food,  the  im- 
mediate and  residuary  effects  of  different  forms  of  lime,  acid  phosphate 
and  raw  rock  phosphate  respectively,  the  partial  substitute  of  mineral 
fertilizers  for  stable  manure,  sugar  beet  fertilizers  and  the  value  of  top 
dressing  soils  with  mineral  and  organic  fertilizers.  These  investigations 
at  present  include  thirty  field  projects  in  different  parts  of  the  State 
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some  are  quite  elaborate,  but  owing  to  the  fact  that  some  of  them  are 
being  conducted  cooperatively  on  privately  owned  farms  most  of  them 
are  simple  in  nature. 

2.  Investigations  of  the  value,  nature  and  duration  of  the  residuary 
effects  of  several  forms  of  vegetable  matter  when  applied  to  soils  of 
diflferent  textures. 

3.  A  study  of  the  changes  in  the  crop  producing  power  and  the  physico- 
chemico-biological  properties  of  soils  long  under  cultivation. 

4.  The  immediate  and  residuary  eflfects  of  soluble  salts  on  the  physical 
and  chemical  properties  of  soils. 

5.  Translocation  of  soluble  salts  in  soils  and  its  relation  to  the  amount, 
time  and  manner  of  application. 

6.  Field  and  laboratory  investigations  of  peat  and  muck  soils. 

These  investigations  include  temperature  changes,  moisture  -relation- 
ships, depth  and  nature  of  the  subsoil,  and  fertilizer  and  cultural  methods. 

I  desire  to  emphasize  the  fact  that  the  members  of  the  staff  are  greatly 
handicapped  because  of  insufficient  funds.  You  are  aware  of  the  fact 
that  several  neighboring  states  make  larger  appropriations  for  work 
of  this  nature  than  does  the  commonwealth  of  Michigan.  This  is  not 
as  it  should  be  inasmuch  as  our  soil  problems  are  far  more  diverse  and 
numerous  than  are  those  in  the  states  to  which  I  refer.  We  should  establish, 
as  several  other  states,  experimental  farms  in  the  different  regions  of  the 
state  so  that  the  work  may  be  controlled  and  watched  by  the  farmers  who 
own  land  in  them.  Of  course,  these  should  be  as  permanent  as  the  agri- 
culture in  the  region,  or  should  be  continued  indefinitely.  We,  as  members 
of  the  Experiment  Station  force,  are  very  desirous  of  seeing  this  brought 
about  and  shall  not  feel  that  we  are  performing  our  full  measure  of  duty 
to  the  agricultural  interests  of  the  State  until  conditions  are  such  that  it 
can  be  done. 

I  desire  to  commend  to  you  the  splendid  spirit  that  Messrs.  Millar, 
Grantham,  Spurway,  Wheeting  and  Simpson  have  manifested  while  per- 
forming their  arduous  duties  during  this,  an  exceptionally  trying  year.  In 
fact  the  success  of  our  organization  has  been  due  in  a  large  measure  to 
this  spirit  and  to  permanency  of  the  personnel.  Each  of  us  is  grateful  to 
you  for  your  support  during  the  year. 

Respectfully  submitted, 

M.  M.  McCOOL, 

Soil  Physicist. 
East  Lansing,  Mich,  June  30,  1919. 

REPORT  OF  THE  FARM  CROPS  SECTION. 

Director  R.  S.  Shaw,  East  Lansing,  Mich. 

My  Dear  Sir — I  submit  herewith  a  report  of  the  Farm  Crops  section 
for  the  year  ending  June  30,  1919. 

The  first  half  of  this  period  was  a  time  of  intense  war  activity,  and  the 
last  half  marked' the  beginning  of  a  period  of  readjustment  along  agricul- 
tural lines.  The  Farm  Crops  section  was  burdened  with  problems  and 
difficulties  of  an  unusual  nature  in  addition  to  its  usual  duties.  An  un- 
usually large  correspondence  developed  relative  to  experimental  work 
bearing  on  the  war  and  readjustment  problems  of  the  State.  Fortunately, 
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the  experimental  work  of  past  years  provided  a  sound  basis  for  the  answer- 
ing of  a  great  majority  of  these  questions,  and  for  directing  extension 
work  and  publicity  in  proper  channels  to  accomplish*  best  results. 

The  need  for  the  utmost  production  of  food  in  order  to  meet  war  de- 
mands brought  into  use  the  full  knowledge  of  this  section  based  on  nu- 
merous past  experiments  concerning  crop  varieties,  crop  adaptations, 
and  cultural  methods.  For  the  most  part,  the  experimental  work  of  the 
past  was  directed  along  lines  remarkably  well  suited  to  meet  these  needg. 
Here  and  there  new  lines  of  work  were  indicated  by  war  needs  which  will 
be  carefully  considered  in  planning  future  work. 


Comparative  test  of  annual  hay  and  forage  crops. 

The  effort  on  the  part  of  Michigan  farmers  to  meet  the  demands  for 
increased  production  of  small  grains,  beans,  corn,  potatoes  and  sugar 
beets,  resulted  in  the  frequent  breaking  up  of  established  rotations,  and 
a  decrease  in  the  area  of  meadows  and  pasture  lands.  Without  doubt, 
crop  production  in  Michigan  will  be  eflfected  for  a  number  of  years  and 
new  problems  will  present  themselves  to  farmers  and  agronomists.  In 
addition  to  causing  an  increase  in  production  of  our  chief  food  crops,  the 
war  gave  impetus  to  the  production  of  fibre  crops  such  as  flax  and  hemp;* 
flax  production  in  the  State  practically  doubling,  and  hemp  production 
being  taken  up  in  a  small  preliminary  way  in  several  sections.  During 
the  past  season,  about  twice  the  normal  acreage  of  sorghum  was  planted 
for  syrup  purposes,  the  largest  acreage  since  Civil  War  times.  Spring 
wheat  figured  as  a  crop  of  considerable  importance,  the  acreage  increasing 
from  an  inconsiderable  amount  to  over  43,000  acres  in  1918  and  a  further 
marked  increase  in  1919.  Buckwheat  production  made  a  marked  increase, 
as  in  Civil  War  times. 

As  a  result  of  the  decrease  in  the  acreage  ordinarily  given  over  to 
meadows  and  pastures,  the  planting  of  short  seasoned  hay  crops  such 
as  peas  and  oats,  millets,  sudan  grass,  corn  for  fodder,  sorghum,  soy- 
beans, etc.,  was  greatly  increased. 
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The  eflfect  of  the  war  was  also  apparent  in  its  influence  on  our  seed 
stocks  and  seed  production.  Owing  to  the  cutting  ofif  of  foreign  importa- 
tions of  clover  seed  and  unfavorable  conditions  for  production,  seed  of 
this  important  legume  was  very  scarce  and  demanded  an  extremely  high 
price,  ranging  from  twenty-five  to  thirty-two  dollars  per  bushel  for  red 
clover  and  mammoth,  and  from  twenty-two  to  twenty-eight  dollars  for 
alsike  at  retail  during  the  spring  of  1918.  . 

During  the  past  four  years  the  production  of  hairy  vetch  seed  (formerly 
imported  from  Russia)  has  increased  very  markedly  in  Western  Michigan, 
and  bids  fair  to  remain  as  a  permanent  industry. 

The  production  of  seed  of  crops  not  usually  handled  in  the  State  such 
as  millet  and  alfalfa  was  noted  in  occasional  instances.  In  the  case  of 
sweet  clover  the  acreage  was  greatly  expanded  and  seed  production  in- 
creased very  considerably. 

The  alfalfa  seed  situation  was  bettered  if  anything  by  war  conditions 
though  the  price  was  high  and  the  seed  not  too  plentiful.  The  cutting 
oflF  of  Turkestan  and  Arabian  s^ed  threw  American  producers  on  their 
own  resources,  and  a  much  larger  quantity  of  American  seed  was  produced 
than  usual  in  western  states.  The  more  wide  spread  use  of  seed  from  the 
northwest,  gave  a  much  higher  percentage  of  successes  with  alfalfa  in 
Michigan.  ^The  acreage  of  this  crop  gained  rapidly. 

The  rape  seed  on  the  market  was  almost  entirely  of  Japanese  origin^ 
little'of  the  Dwarf  Essex  being  available  from  Europe. 

The  Michigan  sugar  beet  companies,  faced  with  the  shortage  of  imported 
seed,  increased  the  production  of  sugar  beet  seed  to  the  extent  that  many 
of  them  were  able  to  produce  from  one-third  to  one-half  the  seed  needed 
for  the  acreages  contracted  under  their  direction.  Sugar  beet  seed  pro- 
duction before  the  beginning  of  the  European  war  in  1914  was  practically 
unknown  in  Michigan. 


Thre«liing  varioty  series  of  wheat. 
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The  success  of  the  Rosen  Rye  and  Red  Rock  Wheat  in  this  and  other 
states,  and  the  increased  interest  in  improved  varieties,  brought  these 
varieties  into  great  demand.  The  Rosen  Rye  is  now  the  most  widely  known 
rye  variety  in  the  United  States,  and  an  extensive  seed  demand  from  out- 
side sources  has  arisen.  The  Red  Rock  Wheat  is  one  of  the  most  widely 
grown  varieties  in  Michigan  and  is  recognized  by  millers  of  Michigan 
wheat  as  being  excellently  suited  for  bread  flour  making  purposes.  When 
it  is  considered  that  these  varieties  left  the  hands  of  Plant  Breeder, 
F.  A.  Spragg  only  seven  years  ago  in  the  case  of  Rosen  Rye,  and  six  years 
ago  in  the  case  of  Red  Rock  Wheat,  the  remarkable  importance  of  this 
phase  of  crop  improvement  work  is  apparent.  Further  details  in  regard  to 
the  performance  of  these  varieties  will  be  given  in  Mr.  Spragg's  letter,  in- 
cluded in  this  report,  and  the  report  submitted  by  Extension  Specialist, 
Mr.  J.  W.  Nicholson. 

CROPS  EXPERIMENTS. 

In  order  to  meet  the  need  for  information  relative  to  the  comparative 
value  of  short  seasoned  hay  crops  planted  at  various  dates,  Professor 
C.  R.  Megee  was  delegated  to  plant  a  comparative  series  including 
varieties  of  peas  and  oats,  varieties  of  millet,  sorghum,  sudan  grass,  soy 
beans  broadcasted,  corn  closely  drilled,  vetch  and  oats,  et  cetera.  This 
experiment  gives  promise  of  giving  valuable  results. 

Extensive  ear-row  work  and  merging  plat  work  with  carefully  selected 
ears  of  leading  corn  varieties  was  begun  under  the  immediate  charge 
of  Mr.  J.  R.  Duncan.  The  usual  variety  test,  including  a  number  of 
varieties  of  known  value  and  possible  worth,  was  planted. 

In  addition,  sectional  variety  tests  including  numerous  oat  and  barley 
varieties  were  planted  at  sixteen  diflferent  points  in  the  State,  ranging 
from  Lower  Michigan  to  the  Upper  Peninsula.  Twelve  corn  variety  tests 
at  various  points  in  the  State  were  also  arranged  and  planted.  These 
tests  were  planted  on  soils  ranging  from  muck  to  heavy  clays. 

Three  and  one  half  acres  of  the  Crops  department  ground  was  again 
given  over  to  the  Bureau  of  Plant  Industry  flax  work.  This  experiment 
includes  the  testing  and  increase  of  numerous  pedigreed  and  commercial 
strains  of  flax,  and  also  the  eflfect  of  various  fertilizer  treatments  on  flax. 


The  Fibre  flax  nursery  and  Increase  plats. 
(Bureau  of  Plant  Industry  U.  S.  D.  A.  co-operating  with  the  Michigan  Agricultural  College) 
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REPORT  ON  PtiANT  BREEDING  WORK. 


The  plant  breeding  work  has  increased  to  a  considerable  extent  under 
the  direction  of  Plant  Breeder,  F.  A.  Spragg.  The  acquisition  of  more 
land  has  made  possible  the  planning  of  definite  rotations  including  clover 
for  the  various  small  grain  and  cultivated  crop  breeding  plats.  In  a  recent 
statement,  Plant  Breeder  Spragg  gives  the  following  facts  in  regard,  to 
the  plant  breeding  work: 

Crop  improvement  projects  with  the  following  crops  are  at  present  in 
process:  alfalfa,  barley,  beans,  broom  corn,  clover,  corn,  flax,  hemp,  oats, 
peas,  rye,  sorghum,  sunflowers,  sweet  clover,  timothy,  vetch  and  wheat. 

The  work  with  these  crops  involves  the  following  processes:  variety 
testing;  beds,  centgeners,  and  plant  notes;  plant-row  testing;  milling  and 
baking;  increase;  crossing  and  hybridization;  segregation  of  hybrids; 
selfing;  and  inheritance  studies. 

ALFALFA  VARIETAL  SERIES. 

The  present  series  was  planted  in  May  1918.  It  contains  thirty-one 
plats  including  two  edges,  eight  check  plats  and  twenty-one  other  varieties. 
Seven  of  these  varieties  were  produced  in  the  alfalfa  breeding  work  at 
Rocky  Ford,  Colorado.  The  remaininglfifteen  strains  come  from  the 
breeding  work  at  M.  A.  C.  One  of  these  is  used  for  checks  and  edges. 


Rosen  Rye  Improvement.     Increasing  selected  strains  of  Rosen  Rye  which  are  planted  in 
wheat  series  with  beads  prutccleil  from  cross  pollination  by  cheesecloth  covering. 

The  alfalfa  series  furnishes  a  comparative  yield  test  and  increase  of 
the  better  strains  for  distribution.  This  series  should  run  for  two  years. 
The  seed  from  previous  nurseries  has  been  distributed  to  county  agricul- 
tural agents  for  increase  in  their  various  counties  in  order  that  a  seed  in- 
dustry may  be  started.  Alfalfa  production  in  Michigan  will  be  on  a  much 
more  sound  basis  when  the  production  of  seed  in  Michigan  is  placed  on  a 
practical  basis. 
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ALFALFA  BREEDING  NURSERY. 


This  nursery  was  set  out  in  June  1918.  It  contains  over  8,000  individual 
plants  from  which  individual  hay  and  seed  yields  are  obtained.  Plants 
that  produce  seed  are  tagged,  hung  up  to  dry,  weighed,  and  threshed 
individually.  The  seed  is  placed  in  individual  envelopes  in  order  that 
individual  seed  records  may  be  obtained,  and  to  provide  seed  of  those  se- 
lected as  mothers  of  the  next  generation.  Non-seed  producers  are  simply 
weighed  and  recorded.  Threshing  the  seed,  calculating  the  yields  for  hay 
and  seed  is  done  during  the  winter.  The  better  producing  plants  from  the 
highest  yielding  strains  are  then  selected,  and  the  selected  seed  sown 
about  the  first  of  May  and  the  plants  set  out  in  the  new  nursery  in  June 
1920. 

BARLEY  TESTING. 

There  are  forty  plats  in  the  larger  barley  series,  each  420  feet  long 
and  a  series  of  thirty-one  smaller  plats  including  those  that  have  come 
recently  from  the  plant-row  and  centgener  series.  In  the  spring  of  1920, 
these  two  series  will  normally  be  united  into  one  large  series. 

BARLEY  NURSERY. 

There  are  75  centgeners  in  the  1919  series  belonging  to  the  third  filial 
generation   from   crosses. 

BARLEY  INCREASES. 

The  Mich-2-row  and  the  Black  Barbless  barleys,  are  being  increased. 
This  increase  contains  fifty-five  rate  of  seeding  plats  including  the  neces- 
sary edges  and  checks.  There  are  over  two  acres  planted  to  Mich-2-row 
for  increase. 

BEAN  VARIETIES.  ' 

There  are  one  hundred  ten  plats  in  the  1919  varietal  series.  These 
are  mostly  strains  that  have  successfully  passed  the  plant-row  series. 
Some  of  them  are  farmer's  varieties  which  have  been  highly  recommended. 

BEAN    NURSERY. 

This  nursery  includes  161  centgeners  originating  from  crosses  made 
by  Mr.  G.  W.  Putnam  during  the  winter  of  1916-'17  and  are  in  the  third 
filial   generation. 

BEAN  PLANT  ROWS. 

In  the  fall  of  1918  over  three  hundred  plant  selections  were  made  from 
the  fields  of  thirty  farmers  widely  distributed  over  the  State.  The  purpose 
was  to  obtain  new  and  more  valuable  varieties.  Three  hundred  plant-rows 
were  planted  from  these  beans  in  1919. 

BROOM  CORN. 

The  high  price  of  broom  material  during  the  war  aroused  some  interest 
concerning  the  possibihty  of  growing  broom  corn  successfully  in  Michigan. 
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In  order  to  furnish  smalljamounts  of  seed  of  the  highest  value,  a  numbef 
of  individual  plant^selections  were  made  in  1918.  Eight  of  these  were 
planted  in  the  plant-row  series  of  1919. 

CLOVER  NURSERY. 

The  clover  nursery  contains  six  progenies  and  the  checks  and  edges. 

CORN  SELECTION  PLATS. 

There  are  six  corn  selection  plats,  three  of  about  one-half  acre  each, 
the  others  occupjdng  less  acreage.  There  are  twenty-six  plats  in  the  plant- 
row  series  started  by  Mr.  Down.  The  ears  have  been  sefifed  and  the  notes 
taken  to  determine  their  trueness  to  type  and  the  desirability  of  the  various 
strains  for  increase. 

HEMP  CENTGENERS. 

Hemp  for  fibre  is  a  promising  industry  in  Minnesota  and  Wisconsin. 
Michigan  also  oflFers  a  field  for  the  development  of  this  crop.  In  taking 
up  the  work  in  1918,  three  beds  were  planted  from  the  most  promising 
strains  that  Mr.  Dewey  (B.  P.  I.)  had  to  oflFer.  One  of  these  varieties 
failed  to  ripen,  and  the  highest  seed  producing  plant  was  selected  out  of 
each  of  the  other  plats.  These  two  plants  became  the  mothers  of  the 
centgeners  in  1919. 

OAT  BEDS. 

Ten  of  the  beds  were  planted  in  1919.  Oat  variety  series  and  centgener 
work  will  occur  in  rotation  in  1920. 

•    OAT  PLANT  ROWS. 

There  are  eighty  plant-rows,  the  best  ones  of  which  will  go  to  a  one 
hundredth  acre  variety  series  in  1920. 

OAT  INCREASES. 

Five  varieties  are  being  increased  in  1919  to  renew  the  pedigreed  seed 
of  the  varieties  now  in  the  hands  of  the  farmers  commercially. 

RYE  SELFING. 

When  the  Rosen  Rye  was  first  distributed  it  was  frequently  planted 
alongside  of  common  rye  and  being  open  pollinated,  was  frequently 
crossed.  In  order  to  provide  a  source  of  pure  Rosen  Rye  over  three  hun- 
dred plants  were  planted  in  the  wheat  variety  series  at  the  Experiment 
Station.  These  were  staked  and  hooded  to  obtain  self  fertilized  seed. 
This  seed  will  be  planted  in  isolated  places  for  increase  in  1920. 

RATE  OF  SEEDING  ROSEN  RYE. 

The  tests  planted  for  1919  contain  five  tates  of  seeding,  with  xjhecks 
and  edges. 
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DATE  OF  SEEDING  ROSEN  RYE. 

This  test  includes  plantings  beginning  September  16;  1918,  continuing 
at  five  day  intervals  until  November  21st.  Spring  plantings  have  also 
been  made  on  April  9,  April  22,  and  May  13.  The  results  have  not  been 
calculated,  but  the  indications  are  that  seedings  made  previous  to  October 
15,  gave  much  greater  yields.  Seedings  made  in  late  October  and  November 
gave  comparatively  light  3rields  and  the  spring  seedings  failed  to  give  a 
crop. 

EARLY  AMBER  PLANT-ROWS. 

Variety  tests  indicate  that  the  Early  Amber  is  best  suited  for  Michigan. 
Plant  selections  were  made  of  this  variety  in  an  endeavor  to  find  better 
strains  of  sweet  sorghums  to  increase. 

SUNFLOWER  PLANT-ROWS. 

Sunflowers  are  attracting  considerable  interest  for  ensilage  purposes, 
and  during  the  war  period  was  looked  to  as  a  possible  source  of  oU  suited 
for  paint  purposes. 

The  variety  series  of  1918  showed  that  all  varieties  tested  were  mixtures 
and  most  of  them  susceptible  to  rust.  Selections  were  made  that  were 
somewhat  resistant  to  rust  for  use  in  the  plant-row  series  of  1919. 

ANNUAL  SWEET  CLOVER. 

An  annual  form  of  sweet  clover,  originated  in  the  breeding  work  at 
the  Iowa  Experiment  Station,  is  being  increased. 

TIMOTHY  TESTS. 

The  lots  of  timothy  seed  originating  from  the  selfing  of  four  superior 
strains,  produced  from  the  breeding  work  of  past  years,  were  placed  in 
a  yield  test  last  fall.    The  checks  and  edges  are  commercial  seed. 

TIMOTHY  SELPING. 

The  four  plants  that  proved  to  be  the  highest  producers  in  the  clonal 
series  were  divided  and  transplanted  into  separate  patches  in  1917.  These 
were  surrounded  by  rye  in  1918  and  again  in  1919  to  protect  the  strains 
from   crossing. 

VETCHES. 

Selection  work  is  being  tried  with  spring  vetch  that  came  from  Svaloef, 
Sweden. 

WHEAT  YIELDS. 

There  are  forty-four  plats  in  the  1919  wheat  variety  series.  The  varieties 
are  mainly  the  new  strains  produced  by  the  breeding  work  of  previous 
years,  including  several  other  varieties.  The  series  to  be  planted  this  fall 
will  be  considerably  larger. 
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WHEAT  BEDS. 


Thirty-three  new  varieties  were  placed  in  beds  in  1918  for  selection 
in   1919. 


WHEAT  CENTGENERS. 

There  are  one  hundred  and  three  centgeners.  The  1919  nursery  repre- 
sents the  third  filial  generation  from  crosses  made  in  1916. 

WHEAT  HEAD  SELECTIONS. 

Thirty  head  selections  were  made  in  1918  for  increase  and  testing  in 
1919. 

WHEAT  INCREASES. 

Five  new  wheats  are  being  increased  to  enable  distribution  for  testing 
and  to  allow  milling  and  baking. 

WHEAT  CROSSING. 

Twenty-three  plats  were  planted  to  enable  the  crossing  work  now  needed 
in  the  progress  of  the  wheat  breeding  work.  These  crosses  were  mainly 
between  our  best  stiflf  strawed  varieties  and  the  weak  strawed  western 
varieties  that  have  proved  more  winter  hardy. 

RATE  OF  SEEDING  WHEAT. 

The  Red  Rock  Wheat  was  seeded  at  six  different  rates.  This  test  in- 
cludes the  checks  and  edges  necessary  to  a  regular  variety  test. 

DATE  OF  SEEDING  WHEAT. 

The  work  of  the  present  season  is  a  continuation  of  the  work  started 
by  Mr.  Down  in  1917.  The  purpose  is  to  discover  the  date  suited  to  the 
highest  average  yield  of  wheat.  The  dates  begin  early  in  September  and 
continue  into  October. 

During  the  past  year  the  following  have  been  on  leave  of  absence  during 
military  service. 

E.  E.  Down,  Corporal,  C.  O.  H.,  58th  Inf.,  A.  E.  F.  overseas  service 
June  30,  1918  to  June  30,  1919. 

A.  L.  Bibbins,  Sergeant,  M.  T.  C.  375,  A.  E.  F.  overseas  service,  June 
30,  1917  to  June  30,  1919. 

J.  F.  Cox,  1st  Lieutenant,  Air  Service  A.  P.,  August  25,  1918,  to  January 
1st,  1919. 

During  the  absence  of  Mr.  Down,  Mr.  Floyd  Curtis  has  capably  as- 
sisted in  the  plant  breeding  work.  Mr.  C.  W.  Straight  was  added  to  the 
staff  as  foreman  of  the  field  forces,  this  department-having  been  carefully 
reorganized. 

I  take  pride  in  reporting  the  patriotic  spirit  and  unswerving  endeavor 
on  the  part  of  the  members  of  this  department  engaged  in  Experiment 
Station  work  during  the  past  year.  I  am  particularly  grateful  to  Mr. 
F.  A.  Spragg  for  his  attention  to  the  management  of  the  section  during  my 
absence. 

Yours  truly, 
J.    F.    COX, 
Professor  of  Farm  Crops. 
East  Lansing,  June  30,  1919. 
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METHODS  OF  PLANT  BREEDING  EMPLOYED  AT  THE  MICHI- 
GAN AGRICULTURAL  COLLEGE. 

F.    A.    SPRAGG. 

The  plant  breeding  work  of  the  Michigan  Agricultural  College  has  pro- 
duced several  varieties  of  grain  which  have  become  important  factors 
in  the  State.  Of  these,  the  Rosen  Rye,  Red  Rock  Wheat,  and  Worthy 
Oats  are  the  most  widely  grown.  At  least  seventy-five  per  cent  of  the  rye 
grown  in  the  Stat^  is  Rosen,  and  the  Red  Rock  is  without  doubt  the  most 
widely  grown  red  winter  wheat .  When  it  is  considered  that  these  varieties 
were  distributed  in  1912  and  1913  respectively,  the  effectiveness  of  the 
combination  of  plant  breeding  work  with  a  good  system  of^distribution 
is  apparent. 

There  have  been  many  inquiries  in  regard  to  the  methods  followed, 
and  in  order  to  clear  up  these  questions  the  following  brief  description 
is  submitted. 

VARIETY  TESTING. 

This  work  consists  in  the  gathering  of  promising  varieties  from  any  and 
all  sources  that  are  likely  to  furnish  them,  viz.,  farmers,  seedsmen,  experi- 
ment stations,  and^through  the  U.  S.  Department  of  Agriculture  from 
around  the  world.  These  lots  are  given  accession  numbers  as  they  are 
received.  The  record  includes  name  of  variety,  source,  date  received, 
amount  received  and  remarks. 


Wheat  Variety  Series — Red  Rock  used  as  check  occurring  every  fourth  plat.    Note  superior 
stiffness  of  straw  of  Red  Rock  (center  row). 

The  varieties  are  planted  in  a  duplicate  series  of  long  and  narrow 
plats  side  by  side,  if  land  permits,  or  if  not,  they  are  planted  in  sections 
of  the  same.  On  either  side  of  each  section  is  an  edge  plat  that  exists 
simply  to  give  the  real  edge  of  the  series  as  nearly  the  same  conditions  as 
any  interior  plat.  The  yields  of  the  outside  edges  are  disregarded  at 
harvest  time. 
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The  standard  variety  or  check  occupies  the  real  (interior)  edges  of  each 
section  of  the  variety  series,  and  is  repeated  on  each  fourth  (or  at  least 
fifth)  plat  throughout  the  series. 

At  harvest  time  the  yields  are  obtained  carefully  for  each  plat  in  the 
series.  The  interpretation  of  these  results  depends  upon  the  yields  of 
the  standard,  as  found  on'  the  check  plats,  and  as  calculated  for  the  other 
plats  by  interpolation.  The  coeflScient  of  yield  (calculated  for  each  plat) 
is  the  quotient  of  the  actual  or  found  yield  of  the  variety  growing  there 
divided  by  the  calculated  yield  of  the  standard  for  the  same  plat.  Or, 
considering  the  standard  as  100%  these  coefficients  of  yield  are  the  decimal 
expressions  of  the  per'  cents  that  the  varieties  in  question  bear  to  that 
of  the  standard  variety.  An  average  is  now  taken  between  the  two 
duplicate  coefficients  of  yield  obtained  for  a  variety,  in  the  same  year. 
As  these  figures  are  based  on  unity,  they  are  not  influenced  by  the  varia- 
tions in  the  yield  of  the  standard  from  year  to  year  now  on  different  soils. 
This  makes  it  possible  to  average  the  yearly  results,  as  long  as  they  run 
without  danger  of  obtaining  a  weighted  average. 

In  all  this  class  of  work,  the  series  planted  in  the  earlier  years  include 
unimproved  varieties  of  unknown  value,  but  as  time  goes  on  the  poor 
yielders  are  excluded  and  little  by  little  improved  varieties  take  their 
place. 

BEDS,  CBNTGENERS,  AND  INDIVIDUAL  PLANT  BECOBDS. 

The  individual  seeds  are  planted  far  enough  apart  so  that  the  roots 
will  not  interlock  during  growth,  and  at  approximately  equal  distances 
that  the  individual  plants  may  have  equal  chances  to  develop.  In  case  of 
corn  and  beans  the  seeds  are  dropped  by  hand  in  rows  of  the  ordinary 
field  width.  In  the  case  of  alfalfa  the  seed  is  planted  in  beds  too  thick 
for  more  than  six  weeks  development.  The  better  plants  are  then  trans- 
planted to  positions  three  by  three  feet  in  the  nursery  which  is  a  centgener 
in  a  plant-row  series  when  the  seed  comes  from  a  selected  individual 
plant.  The  difference  between  a  bed  and  a  centgener  is  that  the  bed  is 
planted  from  a  lot  of  seed  that  is  not  a  progeny.  It  may  be  commercial 
seed.  A  centgener  is  a  progeny  plat  planted  from  the  seed  of  a  single  plant. 
Beds  and  centgeners  are  planted  by  what  is  known  as  the  centgener 
method  of  planting. 

In  the  case  of  small  grains,  the  seeds  are  usually  dropped  five  by  five 
inches  apart  by  means  of  a  special  centgener  planter  in  belts  twelve  plants 
(five  feet)  wide. 

The  more  promising  plants  are  selected  out  of  the  beds  to  become 
mothers  of  plant-rows,  if  they  are  homozygous,  or  they  are  planted  in 
centgeners  if  thought  to  be  heterozygous.  The  seed  of  superior  plant-rows 
together  with  the  centgeners,  that  did  not  segregate,  are  tested  further 
in  variety  S€fries. 

Individual  plant  records  are  made  with  all  of  the  plants  in  a  perennial 
nursery  like  alfalfa  where  the  results  are  not  obtainable  in  any  one  year 
and  selections  can  not  be  made  until  all  of  the  results  are  together. 

In  the  case  of  centgeners  originating  from  crosses,  the  plants  are  classi- 
fied into  their  phenotypes  and  counted.  Then  the  superior  individuals  of 
each  phenotype  are  tied  up  separately  and  taken  to  the  laboratory  for  in- 
dividual plant  notes.  Sometimes  the  segregations  are  such  that  a  full 
classification  can  not  be  made  until  the  plants  are  threshed  individually 
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Alfalfa  Improvement  Work — IndiTidnal  Plant  Row  and  IndiTidnal  Plant   Study. 

as  in  the  case  of  wheat  crosses  involving  color  and  hardness  of  grain.  When 
such  segregations  are  important,  plant  notes  may  need  to  be  taken  on 
all  of  the  individuals  of  the  phenotype  involving  the  other  desirable 
characters.  The  final  selections  are  made  on  the  basis  of  the  segregations 
revealed  by  the- individual  threshing. 

PLANT-ROW  TESTING. 

The  seed  from  selected  homozygous  plants  are  planted  in  a  plant-to-row 
series  with  frequent  checks  for  comparison.  The  seed  of  selected  heterozy- 
gous plants  go  to  centgeners  to  allow  segregation  and  reselection. 

In  the  case  of  corn  the  ear-row  test  is  in  fact  a  row  series  of  centgeners. 
Some  of  the  plant-rows  can  be  discarded  at  harvest  time  by  inspection. 
Others  go  on  to  1-100  acre  plats  and  later  to  the  regular  variety  series. 

In  com  work,  ears  from  selfed  plants  will  be  subjected  to  the  ear-to- 
row  tests  in  order  to  decide  on  the  most  desirable  and  productive  strains. 
Remnants  of  the  ears  will  be  saved  for  future  planting. 

Trueness  to  type  is  one  of  the  main  points  to  be  looked  for  in  the  plant- 
to-row  work.  In  the  self-fertile  plants  these  progenies  generate  pure- 
lines  that  can  go  directly  into  the  variety  testing  work.  In  the  case 
of  corn  and  rye  the  problem  is  more  difficult,  and  the  types  are  fixed 
more  slowly. 

MILLING  AND  BAKING. 

The  problem  is  first  to  find  a  wheat  that  has  the  sufficient  hardiness 
and  jrielding  ability  to  justify  quality  testing. 

The  milling  work  began^m  1911  with  the  wheats  then  in  variety  test 
and  continued  until  1916.}  It  then  became^knownlthat  the  Red^Rock 
was  the  only  one  that  stood  a  high  baking  test  among  the  stiflF  strawed 
practical  Michigan  varieties.  The  work  has  rested  for  the  production  of 
new  wheats  from  the  breeding  work.  It  is  planned  to  resume  the  work 
in  1919  on  wheats  originating  from  crosses  in  1912.    The  milling  will  be 
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done  by  us,  but  the  baking  will  be  carried  through  by  the  Department  of 
Chemistry. 

INCBEASINQ. 

New  high  producing  strains  that  have  proven  their  worth  through 
testing  in  the  variety  series  are  grown  in  larger  plats.  The  purpose 
is  simply  to  obtain  enough  grain  to  allow  distribution  to  farmers. 
fm  In  this  work,  the  aim  is  to  distribute  the  best  that  the  Station  has 
to  offer,  and  then  to  distribute  other  promising  ones  as  they  appear  and 
demand  presents  itself. 

Distribution  sometimes  occurs  for  the  purpose  of  testing  a  new  thing 
in  various  parts  of  the  State.  It  is  being  realized  that  to  discard  all  of 
those  ^hat  are  not  the  highest  yielders  at  M.  A.  C.  may  mean  the  loss  of 
a  variety  that  would  be  of  considerable  value  to  the  farmers  of  some  local- 
ity. Distribution  sometimes  occurs  because  of  a  quality  other  than 
yield.    As  an  illustration,  a  smooth  awned  barley  has  been  distributed. 

CROSSING  AND  HYBRIDIZATION. 

The  first  thing  is  to  sec  what  nature  has  to  offer.  Thus  in  wheat  the 
early  years  were  devoted  exclusively  to  pure-lines,  isolation,  and  their 
testing  in  variety  series. 


Wheat    Cro88iiig    Work — showing  mothod    of   protecting    spikelets    after    hybridizing. 

When  it  became  known  in  1912  that  the  hardiest  and  best  milling  wheats 
were  all  weak  strawed  kinds  and  therefore  unsuited  to  Michigan  Agricul- 
ture, crosses  were  undertaken  between  them  and  the  better  stiff  strawed 
strains. 

The  object  of  crossing  is  to  combine  characters  found  in  separate 

Digitized  by  V^:»OOQ  IC 


EXPERIMENT  STATION  REPORTS.  290 

varieties  that  are  not  at  present  combined  in  any  known  strain.  Cross- 
ing involves  considerable  work  in  the  following  generations  before  the  new 
type  can  be  fixed  and  tested. 

In  open  fertile  or  allogamous  crops,  one  must  not  forget  that  vigor  may 
be  lost  through  too  rapid  in-breeding. 

THE  SEGREGATION  OF  HYBRIDS. 

For  each  alternative  pair  of  hereditary  characters  in  which  the  parents 
of  the  hybrid  differ,  a  geneplex  results.  This,  no  doubt,  means  that  a  pair 
of  chromosomes  carry  the  determiner  for  these  characters.  One  of  these 
are  of  maternal  and  the  other  of  paternal  origin.  They  exist  together 
in  all  the  cells  of  the  first  generation  hybrid.  The  two  chromosomes  of  a 
pair  come  to  lie  side  by  side  at  the  metaphase  of  the  heterotypic  division 
when  the  hybrid  produce  spores  and  eventually  gametes. 

What  is  true  in  the  case  of  one  genoplex  will  be  true  for  the  others. 
The  resulting  gametes*will  each  carry  one  of  the  alternative  characters 
of  each  genoplex.  The  various  gametes  will  carry  the  chance  combina- 
tions of  these  alternative  characters. .  Thus  after  fertilization,  the  result- 
ing individuals  of  the  second  generation  come  by  the  chance  combinations 
of  the  resulting  gametes.  The  second  filial  generation  is  thus  composed  of  a 
mixture  of  individuals  possessing  all  combinations  of  the  segregating  paren- 
tal characters. 

The  seeds  obtained  from  a  cross  are  planted  in  a  bed  in  the  first  filial 
gen^mtion,  and  from  this  bed  selections  are  made  to  become  mothers  of 
the  progenies  of  the  second  generation.  The  centgener  method  is  used  in 
planting  progenies  that  are  apt  to  segregate. 


Self  pollinating  work  with  corn.  \^ 

This  is  necessary  to  allow  the  classification  of  the  plants  into  their  i 
phenotypes  and  to  make  individual  plant  selections  for  the  mothers  of 
the  next  generation.  \ 

In  the  case  of  the  self-fertile  crops,  plant  selections  are  made  and  cent- 
geners  planted  in  each  generation  until  races  breed  true  to  seed.  In  the 
case  of  the  allogamous  (open  fertile)  crops  the  plants  may  .need  to  be  selfed 
in  order  to  gain  the  purity  desired. 
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SELFING. 


Selfing  is  an  artificial  method  of  causing  naturally  allogamous  plants 
to  self-fertilize.  This  method  results  in  what  naturally  occurs  in  the  case 
of  autogamous  plants.  Selfing  allows  homozygotes  to  appear  and  to 
be  isolated.  In  cX)rn  the  method  consists  in  bagging  both  ear  and  tassel 
before  the  silks  appear  and  before  the  pollen  shatters.  When  the  silks 
are  ready,  the  pollen  collected  from  the  tassel  is  used  to  pollinate  the 
silks  on  the  same  stalk. 

SYSTEMATIC  STUDIES  IN  INHERITANCE. 

In  making  crosses,  it  often  happens  that  characters  are  involved  that 
are  not  familiar  to  the  experimenter.  In  order  to  proceed  intelligently 
it  is  necessary  to  make  extensive  statistics  on  the  populations  resulting 
from  the  generations  following  the  cross,  and  to  make  the  calcula- 
tions necessary  to  determine  the  relation  of  tjertaig  characters  correlated, 
allelomorphic,  or  independent.  If  allelomorphic  (alternative)  which 
character  is  dominant,  and  how  many  independent  factors  are  involved  in 
the  gap  between  the  two  characters." 

These  questions  may  be  answered  by  means  of  the  following  considera- 
tion: 

a.  Correlated  characters  are  always  found  together  in  the  same  plant. 

b.  Dominance  can  usually  be  told  by  the  appearance  of  the  first  filial 
generation.  The  dominant  character  is  normally  found  in  three  times 
as  many  plants  (in  the  second  filial  generation)  as  those  that  express  the 
recessive  character. 

c.  A  pair  of  allelomorphic  characters  generate  a  single  genoplex, 
and  are  probably  represented  by  a  single  pair  of  chromosomes. 

d.  Independent  characters  generate  at  least  two  genoplexes,  and 
must  be  represented  by  different  pairs  of  chromosomes. 

RATE  OP  SEEDING. 

In  the  case  of  new  varieties  the  grower  should  know  the  rate  best  suited 
for  the  planting.  Varieties  vary  greatly  in  stooling  power.  The  size  of  seed 
produces  varying  numbers  of  seed  in  a  given  weight  and  measure.  This 
increases  the  need  for  experimental  tests. 

DATE  OF  SEEDING. 

As  crops  and  certain  varieties  also  vary  greatly  in  the  way  they  adapt 
themselves  to  a  season,  investigations  on  date  of  seeding  are  as  important 
as  the  rate  of  seeding. 
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OAT  IMPROVEMENT.^ 

BY  FRANK  A.  8PRAGG. 

Looking  toward  the  improvement  of  the  Michigan  oat  crop,  the  im- 
portant problems  to  be  considered  are  the  best  variety  to  grow,  and  the 
cultural  methods  that  will  increase  the  production,  regardless  of  the 
variety.  One  of  these  is  just  as  important  as  another,  since  the  best  variety 
will  fail  if  burnt  up  by  drought,  drowned  by  poor  drainage,  consumed  by 
smut,  or  if  starved  to  death  for  lack  of  plant  food. 

In  seeking  the  best  variety,  many  farmers  are  deceived  by  the  condi- 
tions under  which  the  crop  grows.  A  typical  case  is  that  of  a  certain 
farmer,  who  had  an  extra  high  yield,  which  attracted  such  widespread 
attention,  that  other  farmers  traveled  miles  from  all  directions  to  buy 
seed  from  him.  This  farmer  did  not  have  a  highly  superior  variety, 
which  would  continue  to  give  better  yields  than  other  varieties  un(l(>r 
poorer  conditions  as  many  thought,  but  the  high  yield  was  largely  (hie 
to  the  fact  that  he  was  a  good  farmer  living  on  a  rich  piece  of  land  im- 
proved by  proper  rotation  and  fertilization.  He  believed  in  plowing  and 
fitting  the  land  so  as  to  give  his  seed  the  best  chances  to  grow.  He  used 
two  hundred  pounds  of  acid  phosphate  per  acre  that  his  crop  might  stand 
up,  mature  earlier  and  produce  better  under  his  conditions.  He  believed 
in  fanning  out  all  weed  seed  and  saving  his  crop  from  the  ravages  of  smut 
by  the  simple  formaldehyde  treatment.  This  alone  may  have  saved  him 
ten  bushels  per  acre  that  would  have  otherwise  gone  to  smut  the  threshers 
faces,  and  make  the  passer-by  think  his  barn  was  on  fire  because  of  the 
dust.  Those  who  did  not  plant  the  seed  that  came  from  this  splendid 
field  under  equally  good  conditions,  suffered  a  great  disappointment  as 
they  did  not  get  the  results  expected. 

A  neighboring  farmer  of  similar  soil  who  used  a  high  yielding  pedigreed 
variety,  but  neglected  some  of  these  factors  might  have  an  inferior  yield. 
Pedigreed  superior  varieties  have  greater  capacity  than  ordinary  varieties 
to  utilize  plant  food  and  turn  it  into  grain.  They  will  therefore  produce 
more  than  the  unimproved  grains  under  the  same  conditions.  Thus  we 
must  remember  that  the  selection  of  the  variety  while  an  essential  to 
maximum  production,  is  only  one  of  a  number  of  factors  necessary  for 
success. 

Michigan  has  such  a  great  variety  of  conditions  (soil  and  climate),  that 
it  is  not  possible  to  obtain  any  one  variety  that  will  suit  all  of  these  condi- 
tions. There  are  the  low  flat,  recently  drained  parts  of  Saginaw  and  Bay 
counties  where  Mr.  DeGuss  has  introduced  the  Strube  Oats  with  great 
success.  There  are  ill  drained  conditions  in  some  parts  of  southern 
Michigan  where  ordinary  varieties  are  caught  by  hot  sun  before  they  are 
ready  to  ripen.  Those  localities  may  need  extra  early  oats  of  the  type  of 
the  Kherson,  or  Sixty  Day.  The  Swedish  Select  is  an  old  variety  that  seems 
to  be  especially  suited  to  the  north.    It  is  also  favored  by  scattered  farmers 

1  The  data  contained  in  this  paper  having  to  do  with  the  consensus  of  opinion  among 
farmers,  is  largely  compiled  from  data  gathered  by  Mr.  J.  W.  Nicholson,  Secretary,  Michigan 
Crop  Improvement  Association. 
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in  the  Lower  Peninsula.  Nearly  every  neighborhood  has  its  favored 
varieties,  and  many  people  have  suflFered  by  discarding  an  old  variety  before 
they  were  sure  that  something  better  was  in  sight.  It  is  best  to  test  the 
new  variety  along  side  the  old  and  make  a  change  only  when  sure  that  the 
new  variety  is  superior. 

The  Michigan  Agricultural  College  has  been  breeding  oats  during  the 
past  twenty  years,  and  in  recent  years  some  of  the  improved  strains  have 
been  distributed  through  the  Michigan  Crop  Improvement  Association. 
It  is  desired  that  the  farmers  of  Michigan  will  plant  these  varieties  along 
side  of  their  own  and  be  the  judge  as  to  relative  yields.  In  the  end,  there 
may  be  no  variety  superior  for  all  conditions,  but  if  each  farmer  can  have 
the  best  variety  for  his  own  conditions,  the  greatest  good  is  attained. 

In  order  to  draw  reUable  conclusions  in  regard  to  the  productiveness 
of  a  variety,  it  is  necessary  to  try  it  side  by  side  with  a  standard  variety 
under  identical  conditions.  Because  of  the  variability  of  soil,  cultural,  and 
climatical  conditions,  the  bushels  per  acre  are  deceiving,  unless  the  yield 
of  the  standard  variety  is  also  given.  To  express  this  in  one  figure  the 
percentage  method  is  valuable. 

THE  EARLY  WORK. 

The  Alexander  and  College  Wonder  are  two  of  the  strains  that  origi- 
nated in  the  work  of  Prof.  J.  A.  Jeffrey  who  made  sixteen  individual  plant 
selections  from  an  old  variety  known  as  the  American  Banner  in  1900, 
and  so  planted  and  selected  them  that  the  Unes  passed  through  an  indivi- 
dual plant  annually  until  1906.  By  that  time  nine  of  the  original  sixteen 
races  had  been  discarded  as  inferior  strains.  However,  most  of  these  lines 
had  been  allowed  to  branch,  each  branch  being  continued  through  an 
individual  plant  annually.  One  of  the  Unes  contained  six  such  branches. 
In  all  nineteen  strains  of  American  Banner  were  handed  to  the  writer  in 
1906.  Similar  selections  were  made  from  Big  4  in  1900,  but  aU  but  two  of 
these  lines  were  dropped  before  1906.  These  proved  inferior  to  the  Banner 
selections  during  1906-1908. 

In  1907,  the  writer  planted  Prof.  Jeffrey's  nineteen  individual  oat  plants 
in  separate  plats  for  comparison,  and  was  convinced  of  the  similarity  if 
not  the  identity  of  the  lines,  originating  from  a  single  plant  in  1900. 
This  series  was  again  run  in  1908  with  similar  results.  By  1909  represen- 
tatives of  the  various  strains  had  been  increased  enough  to  plant  in  a  1-20 
acre  series,  where  the  oat  then  grown  on  the  College  farm  was  used  as 
a  standard  or  check.  The  plats  were  six  feet  wide  and  about  360  feet 
long,  with  checks  each  fifth  plat  in  the  series.  One  of  these  strains  was  in- 
troduced to  farmers  under  the  name  of  Alexander  in  1911,  and  a  second 
was  introduced  in  1914.  The  latter  is  known  as  the  College  Wonder. 
During  the  time  that  this  work  was  being  done,  it  was  believed  that  oats 
may  be  continually  improved  by  selections  within  a  pure  line.*  In  fact, 
the  stability  of  a  pure  line  was  not  generally  known  by  most  agroano- 
mists  until  1912.  The  theory  of  the  day  was  also  practiced  by  the  writer 
until  1910  when  the  results  of  testing  Prof.  Jeffery's  oats  had  shown  the 
fact  that  selections  within  pure  lines  are  without  results.  Also,  during 
these  years,  it  was  found  that  when  the  progeny  of  different  individual 


>  It  waf  during  these  years  that  Johannsen  of  Denmark  was  doing  his  epoch  making  work 
on  beam,  which  has  now  become  renowned  as  "Johannsen's  Nineteen  Beans." 
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plants  can  be^sown  side  by  side,  many  of  them  are  easily  eliminated  on 
observation.  They  have  weak  straw,  or  various  characteristics  indicating 
that  they  would  produce  unpractical  commercial  varieties  if  increased. 
The  improvement  of  an  old  variety  rests  upon  the  isolation  of  its  various 
strains  and  the  increase  of  the  best. 

^The  value  of  the  plant  row  series,  as  a  means  of  determining  yield 
is  variously  estimated  by  the  different  crops  breeders  in  the  various 
states.  Whether  the  plant  row  series  is  accurate  as  a  yield  series  or  not,  one 
thing  is  certain:  any  one  who  has  had  one  of  these  series  planted  with 
frequent  -checks  for  comparison  would  have  no  dorfbt  in  his  mind  regarding 
the  inferiority  of  certain  strains.  He  would  discard  them  on  sight.  The 
attitude  that  has  been  taken  in  this  work  is  that  the  strains  that  appear . 
to  be  equal  or  superior  to  the  check  are  the  only  ones  worthy  of  con- 
tinuing. Others  are  easily  eliminated  in  the  1-100  acre  series  that  usu- 
ally follows  the  plant-row  test.  By  this  means  only  promising  strains 
enter  the  variety  series. 

PUKE  LINE  WORK. 

Beginning  with  1906,  a  new  method  of  breeding  small  grains  has  been 
in  use.  Tins  plan  consists  of  making  large  nimibers  of  plant  selections, 
from  as  many  commercial  varieties  as  were  available,  and  to  compare  the 
selections  with  each  other  in  a  series  of  individual  plats.  The  plant-row 
series  with  frequent  checks  is  the  most  satisfactory  form  of  the  series. 

Selections  were  made  from  five  new  sources  in  1906,  seventeen  new 
sources  in  1907,  another  seventeen  sources  in  1908,  two  new  sources  in 
1909,  and  forty-eight  new  sources  in  1910.  Thus  new  sources  of  seed, 
coming  from  farmers'  seedsmen,  experiment  stations  and  the  U.  S.  De- 
partment of  Agriculture  (the  latter  collected  from  all  oat  growing  coun- 
tries from  around  the  world)  have  been  added  to  the  list  until  now  (1919), 
there  are  150  numbers.  Newly  selectioned  plants  are  added  to  the  list 
annually,  and  tested  out  in  plant-row  series. 

This  has  resulted  in  the  elimination  of  many  original  sources  of  seed.* 
Others  were  represented  by  just  one  pure  line  apiece  when  they  enter  the 
variety  series. 

YIELD  TESTING. 

Twenty  years  ago  the  method  of  testing  the  yielding  ability  of  varieties 
was  very  crude  as  we  view  it  today.  Usually  the  experimenter  depended 
upon  one  plat  to  the  variety,  and  he  may,  or  may  not,  have  had  checks  in 
the  series.  Perhaps  he  had  a  check  on  either  side  of  the  field  and  one  in 
the  center.  These  plats  were  so  nearly  square  that  it  was  not  possible 
to  duplicate  results.  The  variation  in  soil  between  plats  was  usually 
greater  than  the  variation  among  the  yielding  abilities  of  the  varieties 
under  test.  Such  work  is  of  comparatively  little  value  imder  Michigan 
conditions. 


'The  Big  4  Oatf  was  discarded  in  1908  after  two  years  testing.  Big  4  Oats  had  been 
received  from  two  sources  at  that  time.  Long's  White  Tartar,  Piclcetts'  American  Banner  ana 
Swedish  Select,  were  also  dropped  in  1908.  The  Sixty  Day  Oats  was  dropped  in  1911.  In 
that  year  the  Station  had  over  two  hundred  pure  lineB  of  outH  under  test.  These  represented 
the  choice  of  those  that  had  been  gathered  during  the  years  1906  to  1911.  The  last  strain  ot 
the  following  varieties  were  discarded  in  1912:  Tartar  King,  Minnesota  No.  26,  Progress, 
Joanette,  Chinese,  Qarton  No.  364,  Qarton  No.  691.  Clydesdale,  S.  P.  I.  No.  21,672,  8.  P.  1. 
No.  22,006,  8.  P.  I.  No.  28^295,  S.  P.  I.  No.  24,846,  8.  P.  I.  No.  24,847,  Wyoming,  Spanish, 
White  Hungarian,  White  Klrche,  Anderbeck,  Beseler  II,  Probestler,  Beseler  I,  Beseler  III,  6 
varieties  from  Spain,  Duppau,  4  varieties  from  Germany,  Early  Sensation,  Fichtellblrge.  Side 
Oata,  and  Black  Cats. 
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Experience  is  a  good  teacher,  and  it  seems  that  experimenters  get  their 
education  that  way.  Especially  is  this  true  when  science  has  not  offered 
reliable  methods.  Thus  the  years  of  1906  to  1913  were  used  in  working 
out  a  reliable  method  of  variety  testing  at  the  Michigan  Station.  Until 
1911  the  plant-row  series  with  frequent  checks  was  the  most  reliable  plan 
that  had  been  devised.  In  later  tests  of  larger  quantities,  many  ex- 
perimenters would  multiply  the  number  of  these  rod  rows  scatter  them 
among  the  others  and  depend  upon  the  average  of  the  results  obtained  to 
indicate  the  relative  yield  of  varieties.  This  is  known  as  a  reduplication 
series.  The  diflSculty  that  the  Michigan  Experiment' Station  has  found  (in 
this  class  of  work)  is  that  very  small  losses  of  grain  in  these  plats  upset 
*  the  results  and  that  the  amount  of  labor  necessary  made  the  testing  of 
large  numbers  of  strains  out  of  the  question. 


Fit?.  1.  A  portion  of  the  1914  oat  variety  series.  Each  variety  is  planted  in  a  long 
narrow  strin.  Bach  fifth  plat  (strip)  is  planted  from  the  check  or  standard  variety  with 
which  all  oif  the  other  varieties  are  compared.  Each  plat  is  four  drills  wide  and  about  400 
feet  lonff.  Two  such  plats  can  be  planted  at  one  trip  of  an  eleven  hoe  drill,  planting  four 
hoes  on  either  side  and  leaving?  three  hoes  vacant  in  the  center,  for  an  alley.  A  thirty  inch 
alley  is  allowed  between  the  drill  widths.  The  length  of  the  plats  should  be  at  least  twenty 
times  the  distance  between  the  centers  of  the  check  plates,  because  of  the  soil  variability,  and 
to  permit  the  calculation  of  a  check  3'ield  for  each  and  every  plat  of  the  series  by  interpolation 
between  the  yields  of  adjacent  checks.  This  method  (it  win  be  noticed)  combines  the  benefits 
derived  from  two  principles,  viz.,  reduplication  and  checks.  As  each  plat  crosses  a  large 
number  of  soil  conditions,  it  is  in  reality  a  reduplication.  The  series  are  also  duplicated  an- 
nually. 

Figure  1  illustrated' the  inethod  of  variety  testing  now  in  use.  Each 
plat  is  a  long  narrow  strip  and  therefore  crosses  a  great  variety  of 
soil  areas,  it  is  as  efficient  as  a  reduplication  series.  It  has  the  advantage, 
because  the  elements  are  end  to  end  and  can  be  cut  collectively  at  one- trip 
of  the  binder.*  The  shocks  belonging  to  a  plat  are  set  up  in  a  row  and 
can  easily  be  brought  together  at  threshing  time.  The  series  are  dupli- 
cated each  year.    The  duplicate  series  usually  follow  each  other. 

After  threshing  the  grain  is  recleaned  in  a  fanning  mill  and  weighed. 
The  results  are  recorded  in  pounds  per  plat.  In  order  to  reduce  these 
results  to  a  uniform  basis  the  corresponding  yield  of  the  standard 
or  check  variety  is  also  calculated  for  every  plat  of  the  series.    This  calcula- 


4The  sum  of  the  yields  of  the  reduplication  plats  is  found  by  means  of  the  binder  instead 
of  by  means  of  the  adding  machine. 
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tion  is  based  upon  the  fact  that  the  plats  are  about  twenty  times  as  long  as 
the  distance  between  checks,  and  therefore  one  is  justified  in  assuming 
that  the  soil  fertility  varies  continuously  between  checks.*  The  yield  of 
the  check  plats  are  determined  in  the  same  manner  as  those  for  the  other 
plats.  The  check-yields  for  the  intervening  plats  are  determined  by 
proportion  of  distance  to  the  difference  between  the  yields  of  adjacent 
check  plats.  In  the  results  that  follow  the  figures  in  colunm  P  are  the 
actual  yields  in  p6unds  per  plat  for  the  varieties  in  question,  and  those 
in  the  column  C  are  the  calculated  yields  of  the  check  variety  for  the 
same  plats.  In  order  to  reduce  this  result  to  one  figure,  the  yield  is  rep- 
resented as  a  per  cent  of  the  yielding  power  of  the  check  variety  .• 
It  is  desirable  to  rim  the  entire  series  twice  each  year,  andi  take  an  aver- 

lOOP  p^ 

age  between  the  ( )  coeflScients  of  yield  obtained  for  the  duplicate 


plats. 


TABLE  JI.     A  PORTION  OP  THB  ,OAT^ YIELDS  1911. 


P — Actual  yields  In  pounds  per  plat. 

O — Calculated  yield  of  check  variety  for  each  plat. 


Strain 
No. 


Variety. 


One  Series. 


100  P 


Duplicate  Series. 


Ave. 


O. 


100  P 


100  P 


O. 


Check  (Alexander).. 
American  Banner. . . 
American  Banner. . . 

CoUege  Wonder 

American  Banner. . . 
Chedc  (Alexander).. 
American  Banner. . . 

Worthy 

Joanette 

Golden  Fleece 

Check  (Alexander).. 

Clydesdale 

Improved  American 

Joanette 

Progress 

Check  (Alexander). . 


58.3 
73.0 
83.6 
92.7 
84.5 
80.0 
85.8 
78.6 
35.2 
72.6 
89.7 
81.4 
83.0 
69.3 
65.4 
85.8 


58.3 

62.64 

66.98 

71.32 

75.66 

80.00 

81.94 

83.88 

85.82 

87.76 

89.70 

88.92 

88.14 

87.37 

86.58 

85.80 


100.00 

116.54 

124.81 

129.98 

111.68 

100.00 

104.71 

93.71 

41.02 

82.73 

100.00 

91.54 

94.17 

79.33 

75.54 

100.00 


69.8 
61.6 
71.5 
66.0 
71.5 
63.8 
66.5 
64.0 
89.0 
62.7 
61.6 
69.8 
71.5 
57.2 
54.5 
59.4 


69.8 
08.6 
67.4 
66.2 
65.0 
63.8 
63.36 
62.92 
62.48 
62.04 
61.60 
61.16 
60.72 
60.28 
59.84 
.59.40 


100.00 

89.80 

106.08 

99.70 

110.00 

100.00 

104.96 

101.72 

62.42 

101.06 

100.00 

114.13 

117.75 

94.89 

91.08 

100.00 


100.00 

108.44 

116.44 

114.84 

110.84 

100.00 

104.83 

97.71 

61.72 

91.89 

100.00 

102.88 

105.96 

87.11 

88.31 

100.00 


Table  I  presents  four  checks  and  the  plats  between  them  in  the  order 
they  were  run  in  the  1911  variety  series.  It  also  gives  the  results  of 
the  duplicate  portion  of  the  series  deisiling  with  the  same  varieties.  It  is 
easily  observed  that  the  values  of  C  vary  from  one  check  to  the  next 
according  to  distance  and  difference  between  the  yield  of  adjacent  checks 
(They  are  straight  line  interpolations  between  checks).  The  results  of 
plant-row  series  are  not  expressable  by  this  means,  as  their  interpretation 
is  largely  observational.  The  small  plats  of  earlier  years  were  nearly  all 
threshed  with  a  flail.  As  losses  are  unavoidable  by  this  means,  the  data 
are  not  reUable  plat  results.  The  1910  series  was  planted  by  the  edge 
of  muck  and  certain  areas  lodged. 


*  Rarely  there  is  a  reason  to  think  that  the  zigzag  fluctuations  of  the  check  yields  does  not 
represent  real  variations  in  yield.  In  such  cases  a  curve  like  y — a+bx+cx'  is  nsed  tor 
short  distances. 

*This  is  known  as  the  coefficient  of  yield  and  is  determined  by  dividing  the  P  by  the 
corresponding  C,  and  multiplying  by  100  to  reduce  to  the  form  of  per  cent.  If  one  wishes 
theM  refolts  In  bushels  per  acre,  it  is  only  necessary  to  determine  (the  100%),  a  rsllabto 
flgwt  for  the  standard  Ttrlttj  In  busbsls  psr  gere. 
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Table  II  gives  the  results  of  the  larger  oat  plats  for  1909  and  1910.  The 
Alexander  which  yielded  an  average  of  67.7  bushels  per  acre  in  1910,  on 
the  college  plats  is  used  as  100%.  Taking  the  average  of  the  coefficients  of 
3deld  for  a  variety  it  is  easy  to  find  the  corresponding  bushels  per  acre. 
From  these  results,  it  is  observed  that  the  Alexander  (61,601)  and  Worthy 
(62,704)  were  the  only  varieties  that  yielded  more  than  67  bushels  per 
acre. 
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Because  of  the  results  these  varieties  were  increased  on  the  College 
farm  and  a  bushel  of  each  variety  was  distributed  to'farmers  in  1911.  The 
general  distribution  began  in  1912,  and  during  the  next  two  years  farmers 
generally  reported  the  Alexander  and  Worthy  as  yielding  ten  bushels  per 
acre  more  than  their  old  varieties,  when  planted  side  by  side. 


Fig.  3.  A  field  of  Worthy  Oats  on  the  College  farm  (field  No.  8)  in  the  summer  of  1912. 
It  averaged  seventy-five  bushels  per  acre  with  the  exception  of  a  swale  in  the  back  of  the 
field.  This  field  attracted  the  attention  of  the  passers  that  summer  because  of  the  evenness  of 
the  stand,  and  the  way  that  the  oats  filled. 

Over  six  thousand  bushels  of  Worthy  Oats  were  used  for  seed  in  1915. 
If  we  consider  that  only  one-fifth  of  the  yield  has  been  used  for  seed  each 
year,  at  least  100,000  acres  of  them  were  grown  in  1917.  Exact  figures 
are  unobtainable  because  the  spread  has  largely  been  from  farm  to  farm, 
by  natural  processes.  Their  very  stiff  straw  is  an  outstanding  factor  in 
in  favor  of  these  oats,  especially  on  heavy  land.  They  still  retain  their 
popularity  and  high  yielding  qualities,  and  are  now  (1918)  so  widely 
grown  as  to  be  known  by  most  progressive  Michigan  farmers. 

Since  their  introduction,  the  Alexander  has  been  grown  more  extensively 
on  sandy  soil,  and  the  Worthy  on  heavy  land.  This  would  result  in  re- 
ports favoring  the  Worthy  on  heavy  soil.  Be  this  as  it  may,  we  occasion- 
ally note  instances  like  the  following:  Mr.  Geo.  Hurteau  of  Allegan  has 
grown  both  Alexander  and  Worthy  on  his  heavy  low  laying  soil  that  before 
drainage  was  a  cattle  wallow,  but  now  is  one  of  the  richest  farms  of  that 
section.  He  has  given  up  the  Worthy  in  favor  of  the  Alexander,  which 
he  says  is  yielding  more  bushels  of  grain  for  him. 

IMPROVED  METHODS  OF  TESTING  VARIETIES. 

During  the  years  that  the  oat  improvement  work  has  been  going 
on,  methods  of  oat  improvement  and  methods  for  testing  •  varieties  have 
also  been  under  investigation.  It  is  impossible  to  fully  understand  the  one 
without  the  other.  The  methods  have  changed  from  year  to  year  as 
greater  light  could  be  obtained  on  the  subject. 
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A  general  view  of  the  1911  variety  series  is  shown  in  figure  four.  It 
will  be  noticed  that  the  plats  were  full  drill  widths  (eleven  hoes),  at  that 
time  and  that  the  plats  were  much  shorter  than  now.  That  shape  of  plat 
was  used  during  the  years  of  1909  to  1913.  The  duplicate  series  of  1911 
were  end  to  end  and  ran  in  reverse  order.  During  recent  years,  the  du- 
plicate series  have  been  parallel,  i.  e.,  a  continuation  of  the  same  series. 
This  permits  the  plats  to  be  longer  and  narrower,  bringing  the  check  plats 
nearer  together  and  making  the  determination  of  the  check  yields  for  the 
intervening  plats  more  reliable.  The  best  results  are  obtained  when  the 
length  of  the  plats  are  about  twenty  times  the  distance  between  the  cen- 
ters of  the  check  plats.  The  accuracy  of  the  results  are  indicated  by  the 
nearness  of  the  coefficients  of  yield  representing  the  duplicate  plats. 
.They  should  usually  be  within  5%  or  more  rarely  within  10%  of  each 


Fif.  4.  Up  to  1913.  the  plats  were  full  drill  width.  Figure  4  shows  a  general  view 
of  the  1911  oat  series.  There  were  two  series  end  to  end  that  year,  the  plats  only  being  about 
300  feet  long.  That  left  the  length  of  the  plats  about  14  times  the  distance  between  the 
centers  of  the  check  plats.     This  relation  should  be  at  least  twenty  times. 

other.  A  difference  of  15%  or  20%  means  a  mistake  that  is  not  due  to 
the  relationship  of  the  plats  if  the  plats  are  arranged  as  above.  A  patch 
of  weeds,  or  imperfect  planting  in  one  of  the  duplicates  may  cause  a  dif- 
ference of  30%.  Shattering  in  spots  if  over-ripe,  or  lodging  in  small 
localities  may  create  a  large  mistake.  These  mistakes  also  arise  at  har- 
vesting and  during  threshing  if  more  grain  is  lost  from  one  plat  than 
is  lost  from  another.  If  the  loss  is  equal  from  all  the  plats  (checks  and 
all),  the  results  (coefficients  of  yield)  are  disturbed  very  little  if  at  all. 

In  calculating,  four  place  figures  have  usually  been  made  use  of,  espec- 
ially in  the  yield  for  the  check  variety  on  the  intervening  plats.    These 
four  place  figures  have  been  used  in  the  calculation  of  the    per  cent  or 
lOOP 
.    Also  averages  are  obtained  with  four  place  coefficients  of  yield. 

C 
To  save  space  the  results  are  given  in  the  tables  as  three  place  figures. 
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In  all  cases  the  yield  is  expressed  as  pound  per  plat  for  the  variety  under 
test,  pounds  per  plat  for  the  check  variety  on  the  same  plat,  and  the  per 
cent  or  coefficient  of  yield.  In  the  final  summations  given  in  Table  V 
the  yields  are  expressed  as  percents  of  the  yielding  power  of  the  check 
variety.  An  average  is  then  taken  of  those  of  the  various  years.  The 
100%  is  obtained  by  taking  an  average  of  actual  yields  for  the  check 
variety  during  five  years. 
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Table  III  sets  forth  the  results  of  variety  testing  during  the  years  1911 
and  1914.  Besides  this  there  were  one-hundred  plant  row  plats  in  1911 
and  thirty-five  plant  rows  in  1912.  It  was  not  possible  to  run  duplicate 
series  in  1912  and  1913,  because  the  land  was  not  available,  however, 
they  compare  fairly  well  with  each  other.  The  results  of  those  years  had 
brought  the  College  Success  into  such  prominence  that  it  was  used  as 
a  check  during  the  years  1915  to  1917.  The  yields  of  College  Success  are 
as  follows:  1912,  74.9  bushels;  1913,  64  bushels;  1914,  76.5  bushels;  1915, 
89.0  bushels;  and  1916,  51.4  bushels  per  acre,  giving  an  average  of  71.6 
bushels  per  acre  during  1912  to  1916  on  the  college  plats.  Table  IV  gives 
the  results  of  the  1915  to  1917  test  with  College  Success  as  a  check,  and 
Table  V  gives  the  results  for  the  yield  testing  work  during  1914  to  1917, 
arranging  the  varieties  in  order  the  of  their  relative  yields.  The  average 
coeflScients  of  yield  and  their  equivalent  bushels  per  acre  are  also 
based  on  College  Success  as  100%  equaling  71.16  bushels  per  acre. 
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TABLE  V.     OAT  YIELDS  1914-1917. 

Expressed  as  ayerage  ooef&dent  of  yield. 

Arranged  aooording  to  production. 

College  Success  taken  as  100%  equals  71. 16  bushels. 


Strain. 

Variety. 

1914. 

1915. 

1916. 

1917. 

Average. 

Esti- 
mated 
bushels 
per  acre. 

10805 

Wolverine 

98.82 
98.85 
99.89 
99.44 
95.36 
89.26 

114.38 

110.71 

98.81 

110.76 

108.57 

110.59 

99.13 

95.53 

107.34 

100.36 

98.80 

107.68 

100.00 

92.37 

97.14 

95.93 

95.11 

95.81 

88.99 

104.06 

90.01 

95.91 

90.42 

06.64 

96.93 

87.43 

99.05 

94.91 

124.09 
133.94 
141.33 
115.73 
123.17 
114.06 
103.14 
145.66 
112.61 
116.29 
106.59 
115.10 
100.00 
130.61 
120.53 
122.22 
114.02 
98.00 
111.41 
111.17 
119.71 
103.24 
112.38 
106.54 
104.43 
112.81 
99.96 
98.26 
94.80 
96.68 
70.32 

118.82 

104.11 

90.40 

104.51 

102.78 

115.54 

119.47 

97.64 

97.44 

95.22 

97.58 

96.60 

100.00 

91.08 

96.68 

90.09 

104.78 

104.29 

103.51 

93.02 

'89.22' 
90.33 

"86.96' 
91.94 

"7i'.88' 

'57*.6i' 

114.03 

111.90 

107.61 

107.61 

107.47 

107.36 

107.25 

106.25 

101.89 

101.53 

100.99 

100.86 

100.00 

98.83 

98.67 

98.64 

97.65 

96.79 

96.74 

96.61 

95.93 

94.98 

94.12 

94.07 

93.99 

93.56 

93.06 

92.38 

83.34 

82.92 

63.97 

81  14 

Ozar  of  Russia     

79  63 

loioi 

College  Wonder 

76  58 

Western .... 

76  58 

915103 

Great  Dakota 

76  48 

10803 

Western 

76  40 

132 

Michigan  Swedish 

76.32 
75.66 
72.50 
72  26 

113 
87503 
70503 

Early  Tilncoln 

Garton  No.  572 

PI . .    . 

86.18 
90.18 
94.24 

181 

Pi                      

71  86 

11004 

Ci                       

84.07 
100.00 
81.27 
80.33 
86.32 
76.68 
89.05 
83.04 
78.20 
78.07 
85.79 
84.46 
82.75 
80.61 
87.03 
81.27 
83.06 

71.77 

05402 

C(                           8      

71    16 

61601 

A 

70  33 

10606 

SI                          

70  21 

123 

H                       1 

70  19 

10705 

S<                        

69  49 

016901 

Ij                                         

68  88 

916602 

L]                        

68  84 

25601 

R                       .... 

68  75 

017401 

E                        

68  26 

915604 

D                        

67.59 

62704 

-^                        

66  98 

124 

G                        

66  94 

017301 

S]                        

66  88 

016902 

li             :.:::;■;:: 

66  58 

25607 

R                          

66  22 

019003 

E                       er 

65.74 

135 

81                         

59  30 

017203 

R                         

74.25. 

77.83 

59  00 

133 

U                           ... 

45  62 

ELIMINATION  OF  VARIETIES. 

A  passing  glance  through  the  preceding  tables  will  reveal  the  fact  that 
varieties  have  been  dropped  as  rapidly  as  the  experimenter  could  be  satis- 
fied of  their  inferiority.^ 

Of  the  140  lots  of  seed  that  have  been  received,  only  31  of  them  were 
under  test  in  1917.  There  was  no  question  about  those  that  showed  them- 
selves inferior  in  the  plant-row  series.  There  is  little  question  about  the 
desirability  of  the  lowest  producers  after  one  year's  yield  testing.  A  third 
set  has  been  dropped  after  two  years  of  jrield  testing.  But  when  it  comes 
to  the  better  varieties,  one  needs  at  least  three  year's  results  for  reUable 
figures  on  yielding  ability.  Four  of  the  strains  listed  in  Table  V  have 
been  in  the  variety  series  for  nine  years,  and  all  except  four  of  them  have 
been  in  the  yield  series  at  least  four  years. 


^  The  last  strain  of  the  following  varieties  were  dropped  in  1913 :  Swedish  Select,  Minne- 
sota No.  6,  Kherson,  Silver  Mine,  Improved  Scotch,  Tartarian,  Sensation,  Improved  Banner, 
2  side  oat  varieties,  Regenerated  Swedish  Select,  Canadian  Banner,  Dodge,  Spanish  Lincoln, 
Mezdag,  Bucuim,  New  Johnson,  Giant  Ligowo,  Johnson,  Lawrence,  and  Jewett's  Clydesdale. 

The  foUowing  varieties  were  discarded  in  1914 :  Garton  No.  436,  Garton  No.  396,  S.  P.  1. 
No.  226,885,  European  HuUess,  S.  P.  I.  No.  25,749,  and  Steuben. 

The  following  varieties  were  discarded  in  1915 :  Henderson's  Clydesdale,  Harrison's,  New 
Market,  S.  P.  I.  No.  25318.  Great  Mogul.  Beardsless  Propsleir.  Golden  Rain.  Victory,  White 
Ligowa,  Vogel,  Parsons,  and  f our  "varieties  from  an  Illinois  Seed  Company. 

No  further  varieties  were  dropped  from  the  variety  series  in  1916,  and  only  four  more  in 
1917,  but  most  of  those  in  Table  V  that  have  not  been  distributed  were  dropped  in  1918. 
Those  dropped  in  1917  were:   S.  P.  I.  Nos.  25,591,  25,849,  25,850,  and  English  Wonder. 
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Of  these  varieties  the  Alexander  and|Worthy  were  distributedlto  Michi- 
gan farmers  in  1912,  College  Wonder  in  1915,  College  Success  in  1916, 
and  the  Wolverine  in  1917. 

•  Of  the  three  varieties  that  were  distributed  since  1912,  the  College  Won- 
der is  the  most  generally  grown  and  apparently  is  gaining  in  popularity. 
The  indications  are  that  it  will  follow  the  Worthy  as  a  higher  yielder. 

The  College  Success  is  favored  by  the  farmers  of  Ottawa  and  the  neigh- 
boring coimties,  but  has  been  generally  reported  inferior  to  Worthy  in 
eastern  Michigan.  However,  twenty  acres  in  Huron  county  showed  95 
bushels  per  acre  in  1918.  In  some  sections,  fanners  get  a  great  variety  of 
results  from  the  College  Success.  At  the  College,  these  oats  were  later  than 
the  average.  This  factor  has  been  more  or  less  consistent  with  the  variety 
over  the  State  and  under  the  general  weather  conditions  of  the  past  two 
years  has  been  an  undesirable  characteristic. 

The  Wolverine  was  represented  by  only  one  farmer^s  field  in  1917, 
and  has  been  distributed  generally  in  a  small  way  in  1918.  About  350 
acres  were  grown  this  year.  It  is  too  early  to  estimate  its  value,  but  at 
the  College  it  has  produced  about  20%  or  one  fifth  more  oats  than  the 
Worthy  diu-ing  the  past  four  years.  It  will  undoubtedly  prove  to  be  a 
valuable  addition  to  Michigan  agricultiu'e. 

SUMMARY. 

1.  There  are  two  equally  important  problems  to  be  considered: 

(a)  The  best  variety  of  oats  to  grow. 

(b)  The  best  cultural  method. 

2.  The  soil  and  cUmatic  conditions  are  so  variable  in  Michigan  as 
to  demand  special  varieties  for  some  environments,  and  to  cause  a  standard 
variety  grown  in  an  adjacent  field  to  produce  different  results. 

3.  Always  test  a  new  variety  side  by  side  with  the  old  accepting  the 
new  variety  only  when  proven  superior. 

4.  The  relative  yield  of  varieties  cannot  be  tested  in  separate  fields. 
They  must  be  tested  under  identical  conditions,  and  in  long  narrow  strips 
side  by  side. 

5.  The  oat  breeding  work  has  been  in  progress  since  1900. 

6.  The  present  writer  took  up  the  work  in  1906,  yearly  making  large 
numbers  of  plant  selections  from  specially  planted  beds. 

7.  Variety  testing  work  began  with  the  new  strains  in  1909.  The  most 
reUable  early  work  was  in  plant-row  series  with  checks.  The  methods 
were  greatly  improved  in  larger  plats  after  1913. 

8.  As  the  results  of  early  testing,  the  Alexander  and  Worthy  (two  new 
varieties)  were  distributed  to  farmers  in  1912.  Each  of  these  originated 
in  a  selected  individual  plant  of  1906. 

9.  Over  six  thousand  bushels  of  Worthy  Oats  were  used  for  seed  in 
1915,  and  now  this  variety  of  oats  is  so  widely  grown  as  to  be  known  by 
most  progressive  Michigan  farmers. 

10.  The  investigations  since  1912  have  found  a  few  strains  that  are 
yielding  more  than  the  Worthy.  The  College  Wonder  was  distributed 
in  1915,  the  College  Success  in  1916,  and  the  Wolverine  in  1917.  Based 
on  Worthy  as  100%,  the  following  are  the  results: 
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strain. 


Variety. 


1914. 


1916. 


1916. 


1917. 


Ave. 


10806 
61201 
06402 
61001 
62704 


Wolverine 

OoUege  Wonder 
College  Success. 

Alexander 

Worthy 


117.00 
118.27 
118.40 
96.22 
100.00 


126.60 
109.28 
110.60 
102.16 
100.00 


110.46 
126.81 
89.02 
116.26 
100.00 


133.17 
101.32 
112.08 
102.08 
100.00 


121.78 
113.-67 
107.68 
104.18 
100.00 


11.  These  results  indicate  that  the  Alexander  is  producing  a  4%  higher 
yield  than  the  Worthy,  yet  farmers  have  generally  preferred  the  latter. 
As  a  rule,  the  Alexander  has  been  grown  more  extensively  on  the  lighter 
soils,  though  some  people  prefer  Alexander  for  he^vy  soils. 

12.  The  College  Success,  College  Wonder,  and  Wolverine  have  not 
been  in  the  hands  of  the  farmers  long  enough  to  establish  their  relative 
value.  Of  these  three,  the  College  Wonder  is  the  most  widely  grown  and 
apparently  is  gaining  in  popularity.  On  an  average,  it  has  produced  a 
13.5%  higher  yield  than  the  Worthy  at  College,  and  a  23.8%  higher  yield 
over  the  State. 

13.  The  College  Success  is  favored  by  the  farmers  of  Ottawa  and 
neighboring  counties.  This  is  a  late  variety  and  does  well  only  where  it 
has  a  long  growing  season. 

14.  The  Wolverine  has  produced  a  21.8%  higher  yield  than  the  Worthy 
and  it  will  undoubtedly  prove  a  valuable  addition  to  Michigan  agriculture. 
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COMMERCIAL  PEP:DING  STUFFS 


Bulletin  No.  282 


Andrew  J.  Patten,  C.  F.  Barnum,  E.  F.  Berger,  T.  E.  Fribdemann 

AND  P.  O'Meara. 

The  present  feeding  stuffs  law  (Act  91,  P.  A.  1917)  became  operative 
April  1,  1918.  As  the  full  text  of  the  act  was  printed  in  Bulletin  No. 
279  only  the  main  provisions  will  be  discussed.  Copies  of  the  law  will 
be  furnished  upon  request. 

Label.  Every  lot  or  parcel  of  "commercial  feeding  stuffs"  shall  bear 
on  the  bags  or  tags  attached  thereto  a  statement  certifying,  1st,  the 
net  weight  of  the  contents  of  the  package,  lot,  or  parcel ;  2nd,  the  name, 
brand  or  trademark;  3rd,  the  name  and  principal  address  of  the  manu- 
facturer or  person  responsible  for  placing  the  commodity  on  the  market ; 
4th,  the  minimum  percentage  of  crude  protein,  the  minimum  percentage 
of  crude  fat  and  the  maximum  percentage  of  crude  fibre ;  nth,  the  specific 
name  of  each  ingredient  used  in  its  manufacture. 

Registratiov,  All  "commercial  feeding  stuffs"  within  the  meaning  of 
the  act  must  be  registered  annually.  To  make  the  fiscal  year  concur- 
rent with  the  calendar  year  the  present  license  period  was  made  to 
terminate  December  31,  1918,  with  a  fee  of  |15.00  for  each  brand  regis- 
tered. After  this  date  the  registrations  must  be  made  on  or  before  Janu- 
ary 1st  each  year  or  before  the  feed  is  placed  on  sale  and  the  license 
fee  will  be  f  20.00  per  brand  as  in  previous  years. 

Samples  not  required.  The  forwarding  of  samples  at  the  time  of  ap- 
plying for  license  is  not  necessary  except  when  requested  by  the  adminis- 
trative officer. 

Registrations  may  he  refused  or  eatrcelled.  The  administrative  officer 
may  refuse  to  license  a  brand  if  the  name  appears  to  be  deceptive  or 
misleading.  He  also  has  power  to  cancel  a  license  if  it  appears,  at  any 
time,  that  any  of  the  provisions  of  the  law  have  been  violated. 

Materials  exempt  jrom  license  fee.  Unmixed  whole  seeds  and  grains ; 
unmixed  meals  made  directly  from  tlie  entire  grains  of  corn,  wheat,  rye, 
barley,  oats,  buckwheat,  flaxseed,  kafir  and  milo;  corn  and  oats  feed 
made  by  grinding  together  the  pure  grains  of  corn  and  oats;  wheat, 
rye  and  buckwheat  brans  or  middlings  when  unmixed  with  other  mater- 
ials; whole  hays,  straws,  ensilage  and  corn  stover  when  unmixed  with 
other  materials  and  all  materials  containing  60  per  cent  or  more  of  water. 

The  definitions  adopted  by  the  Association  of  Feed  Control  Officials 
will  be  considered  official  in  Michigan,  and  it  is  expected  that  the  manu- 
facturers will  adhere  to  them  as  closely  as  possible. 
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RULES. 

The  following  rules  were  passed  by  the  State  Board  of  Agriculture  at 
a  meeting  held  March  20, 1918,  in  East  Lansing,  Michigan : 

Rule  No.  1.  ^^Wheat  Bran  with  Screenings  not  exceeding  Mill  Run" 
is  interpreted  as  meaning  bran  to  which  has  been  added,  by  a  separate 
process,  the  whole  or  a  part  of  the  screenings  separated  from  the  partic- 
ular lot  of  wheat  producing  the  bran.  The  screenings  may  or  may 
not  be  reduced. 

Rule  No.  2.  ^^Wheat  Middlings  with  Screenings  not  exceeding  Mill 
Run"  is  interpreted  as  meaning  middlings  to  which  has  been  added,  by 
a  separate  process,  the  whole  or  a  part  of  the  screenings  separated  from 
the  particular  lot  of  wheat  producing  the  middlings.  The  screenings 
may  or  may  not  be  reduced. 

Rule  No.  3.  ^^Wheat  Bran  and  Wheat  Middlings"  when  labelled  as 
containing  "Screenings  not  exceeding  Mill  Run"  are  considered  to  be 
"Commercial  Feeding  Stuffs"  within  the  meaning  of  the  law  and  subject 
to  license.    This  rule  shall  take  effect  April  1st,  1918. 

Rule  No.  4.  "Statement  of  Guaranteed  Analysis,  Section  2  of  the 
Feeding  Stuffs  law  is  interpreted  to  mean  that  only  the  minimum  guar- 
antees for  Protein  and  Fat  and  the  maximum  guarantee  for  crude  fibre 
may  be  stated  on  the  labels.  The  sliding  guarantee  is  prohibited.  This 
rule  shall  take  effect  April  1st,  1918." 


rOTNTS  OF  INTEREST  TO  DEALERS 

Represent  only  Reliable  Firms  and  before  purchasing  feed  for  resale 
in  Michigan,  find  out  if  the  particular  feed  has  been  properly  licensed 
by  the  manufacturer,  broker,  or  party  responsible  for  its  shipment  into 
the  State.  The  State  law  has  no  jurisdiction  over  parties  residing  out- 
side of  the  State  and  the  only  way  they  can  be  reached  is  through  the 
U.  S.  Department  of  Agriculture  for  a  violation  of  the  Federal  Food 
and  Drugs  Act.  Failure  to  license  a  feed  in  Michigan  would  not  be  a 
violation  of  the  Federal  law  and  if  properly  tagged,  shipment  into  the 
State  cannot  be  prevented.  The  IMichigan  law  becomes  operative  only 
when  such  feed  is  offered  for  sale  within  the  State.  Ignorance  of  the 
provisions  of  the  law  is  not  sufficient  grounds  for  defense.  When  the 
inspectors  find  an  unlicensed  feed  being  offered  for  sale  the  dealer  is  given 
written  notice  and  requested  to  discontinue  the  sale  until  the  person  or 
concern  responsible  for  shipping  the  product  into  the  State  has  com- 
plied with  the  re(niirements  of  the  law.  Dealers  who  continue  to  sell 
unlicensed  fe<Mls  after  due  notice  has  been  given  will  be  held  responsible 
and  evidence  of  the  violation  of  the  feeding  stuffs  law  will  be  submitted 
to  the  Prosecuting  Attorney  in  the  county  wherein  the  violation  occurs. 

Frequentlv  it  T)ccurs  that  carload  shipments  re^ich  their  destination 
untiigged.  In  such  cases  the  dealer  should  telephone  or  telegraph  the 
manufacturer  or  jobber  immediately  for  ]>roper  tags  and  insist  upon 
getting  them  at  oncti  as  the  sale  of  untagged  feeds  is  not  permissible 
under  any  circumstances.  Tags  sent  forward  by  mail  or  placed  in  a  car- 
load of  feed  but  not  attached  to  the  bags  should  be  put  on  as  the  car 
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is  unloaded.  Some  responsible  person  should  give  the  matter  of  proper 
tagging  careful  attention  rather  than  trust  it  to  some  irresponsible 
laborer. 

Retain  Freight  Bills.  The  State  inspectors  of  feeding  stuffs  are  also 
federal  inspectors  and  authorized  to  take  samples  of  shipments  made  in 
violation  of  the  Federal  Food  and  Drugs  Act.  In  order  to  establish 
evidence  of  interstate  shipment  it  is  necessary  to  secure  copies  of  the 
freight  bill,  bill  of  lading  and  bill  of  sale  covering  a  shipment.  Dealers 
should,  therefore,  keep  on  file  all  the  documents  and  papers  relating  in 
any  way  to  all  interstate  shipments  of  feed  stuffs. 

POINTS  OP  INTEREST  TO  PURCHASERS. 

Consult  the  annual  bulletin  and  find  out  what  companies  are  most 
consistently  meeting  their  guarantees. 

Do  not  buy  a  feed  simply  because  it  is  cheap  without  comparing  the 
guaranteed  analysis  with  that  of  other  feeds  that  may  be  available  and 
also  examine  it  carefully  to  determine,  if  possible,  the  ingredients  of 
which  it  is  composed.  In  these  times  of  high  prices,  one  should  consider 
these  points  carefully. 

Do  not  send  samples  for  analysis  without  first  writing  for  instructions 
on  how  to  secure  a  representative  sample.  A  sample  from  one  bag  or  a 
small  handful  taken  from  the  top  of  several  bags  is  not  representative 
and  an  analysis  of  such  a  sample  would  be  of  no  value.  The  cost  of  mak- 
ing an  analysis  is  considerable  and  we  cannot  take  the  time  to  analyze 
samples  that  are  not  representative  of  the  lot  from  which  they  were 
taken.  Our  inspectors  are  continually  collecting  samples  of  feeding 
stuffs  and  in  many  cases  we  can  furnish  information  concerning  a  partic- 
ular brand  of  feed  without  making  another  analysis. 

When  purchasing  feed  in  car  lots,  an  inspector  will  be  sent  to  draw 
samples  if  the  oflBce  of  the  chemist  in  charge  is  notified  upon  arrival  of 
the  car. 

Do  not  accept  feed  in  untagged  or  unlabeled  bags  except  such  feeds 
as  are  exempt  from  license  as  heretofore  mentioned.  An  untagged  pack- 
age gives  the  purchaser  no  guarantee  as  to  analysis  or  ingredients  and 
furthermore  the  product  is  sold  in  violation  of  the  "feeding  stuffs  law. 
Such  cases  should  be  brought  to  the  attention  of  the  oflBce  of  the  chemist. 

If  buying  bulk  feeds  subject  to  license  demand  of  the  seller  a  printed 
guarantee  giving  the  analysis  and  ingredient — the  law  provides  that  the 
purchaser  shall  have  it. 

COOPERATION  WITH  U.  S.  DEPARTMENT  OP  AGRICULTURE. 

Through  a  plan  of  cooperation  devised  by  the  U.  S.  Department  of 
Agriculture  the  State  inspectors  are  empowered  to  collect  samples  from 
interstate  shipment  of  feed  stuffs  found  in  Michigan  under  the  Food 
&  Drugs  Act.  In  this  cooperative  work  twenty-four  cases  were  referred 
to  the  laboratory  of  the  central  inspection  district  in  Chicago;  eighteen 
of  the  samples  were  collected  on  account  of  deficiencies  in  protein,  four 
were  untagged  shipments  and  two  were  taken  at  the  suggestion  of  the 
Chief  Inspector  of  the  central  inspection  district. 


Digitized  by 


Google 


^24  StAtB  BOARD  O^  AaRlCULl?URR 


REBATES. 

The  State  law  does  not  provide  for  the  payment  of  rebates  on  feeds 
found  deficient  in  some  respect  but  such  cases  are  often  referred  to  this 
department.  Settlement  is  advised  on  tlie  basis  of  the  combined  pi»otein 
and  fat.    The  following  example  is  taken  from  the  present  year's  records. 


Guaranteed                  Found                  Price  per 
Protein      Fat        Protein        Fat                ton 
(41     +     6)     _     (38    +    6.2) 

Rebate  per 
ton 

$3.21 

Guaranteed 

Protein      Fat 

(41    +    6) 

As  the  records  of  the  distribution  of  rebates  made  during  the  year  are 
not  complete  at  this  time  no  tabulation  is  made. 

DEFINITIONS. 

The  following  definitions  of  Feeding  Stuflfg  and  by-products  used  for 
feeding  purposes  have  been  adopted  by  the  Association  of  Feed  Control 
Officials  of  the  United  States  at  their  several  meetings,  and,  in  the  in- 
terest of  uniformity,  it  is  urged  that  all  manufacturers  and  millers  ad- 
here to  them  as  closely  as  possible  in  labeling  the  feeds  intended  for  sale 
in  Michigan. 

Meal  is  the  clean,  sound,  ground  product  of  the  entire  grain,  cereal  or 
seed  which  it  purports  to  represent. 

Chop  is  a  ground  or  chopped  feed  composed  of  one  or  more  different 
cereals  or  by-products  thereof.  If  it  bears  a  name  descriptive  of  the  kind 
of  cereals,  it  must  be  made  exclusively  of  the  entire  grains  of  those 
cereals. 

Screenings  are  the  smaller  imperfect  grains,  weed  seeds  and  other 
foreign  material  having  feeding  value,  separated  in  cleaning  the  grain. 

Alfalfa  Meal  is  the  entire  alfalfa  hay  ground,  and  does  not  contain  an 
admixture  of  ground  alfalfa  straw  or  other  foreign  materials. 

ANIMAL  PRODUCTS. 

Blood  Meal  is  ground  dned  blood. 

Cracklings  are  the  residue  after  partially  extracting  the  fats  and  oils 
from  the  animal  tissue.  If  they  bear  a  name  descriptive  of  their  kind, 
composition  or  origin,  they  must  correspond  thereto. 

Digester  TanJcage  is  the  residue  from  animal  tissue  exclusive  of  hoof 
and  horn,  specially  prepared  for  feeding  purposes  by  tanking  under  live 
steam,  drying  under  high  heat,  and  suitable  grinding.  If  it  contains 
more  than  10  per  cent  of  phosphoric  acid  (P2O5),  it  must  be  designated 
Digester  Meat  and  Bone  Tankage. 

Meat  Scrap  and  Meat  Meal  are  the  ground  residues  from  animal  tissue 
exclusive  of  hoof  and  horn.  If  they  contain  more  than  10  per  cent  of 
phosphoric  acid  (P2O5),  they  must  be  designated  Meat  and  Bone  Scrap, 
and  Meat  and  Bone  Meal.  H  they  bear  a  name  descriptive  of  their  kind, 
composition  or  origin,  they  must  correspond  thereto. 
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BRBWBRS^  AND  DISTILLBBS'  PRODUCJTS. 

Brewers'  Dried  Grains  are  the  properly  dried  residue  from  cereals  ob- 
tained in  the  manufacture  of  beer. 

Distillers'  Dried  Grains  are  the  dried  residue  from  cereals  obtained  in 
the  manufacture  of  alcohol  and  distilled  liquors.  The  product  shall  bear 
the  designation  indicating  the  cereal  predominating. 

Malt  Sprouts  are  the  sprouts  of  the  barley  grain.  If  the  sprouts  are 
derived  from  any  other  malted  cereal,  the  source  must  be  designated. 

BUCKWHEAT  PRODUCTS. 

Biwkwheat  Shorts  or  Buckwheat  Middlings  are  that  portion  of  tlie 
buckwheat  grain  immediately  inside  of  the  hull  after  separation  from  the 
flour.  .     i!     ^  J  ii'±f 

CORN  PRODUCTS. 

Com  Bran  is  the  outer  coating  of  the  com  kernel. 

Corn  Germ  Meal  is  a  product  in  the  manufacture  of  starch,  glucose 
and  other  corn  products  and  is  the  germ  layer  from  which  a  part  of  the 
com  oil  has  been  extracte<l. 

Ch-its  are  the  hard,  flinty  ]K)rtions  of  Indian  corn,  without  hulls  and 
germ. 

Corn  Gluten  Meal  is  that  part  of  commercial  shelled  corn  that  remains 
after  the  separation  of  the  larger  part  of  the  starch,  the  germ  and  the 
bran,  by  the  processes  employed  in  the  manufacture  of  cornstarch  and 
glucose.    It  may  or  may  not  contain  corn  solubles. 

Corn  Gluten  Feed  is  that  portion  of  commercial  shelled  corn  that  re- 
mains after  the  separation  of  the  larger  part  of  the  starch  and  the  germ 
by  the  processes  employed  in  the  manufacture  of  cornstarch  and  glucose. 
It  may  or  may  not  contain  corn  solubles. 

OIL   CAKE. 

Oil  Cake  is  the  residual  cake  obtained  after  extraction  of  part  of  the 
oil  by  crushing,  cooking  and  hydraulic  pressure  from  seeds  screened  and 
cleaned  of  weed  seeds  and  other  foreign  materials  by  the  most  improved 
commercial  processes.  When  used  alone  the  term  "oil  cake"  shall  be  un- 
derstood to  designate  the  prmluct  obtained  from  partially  extracted, 
screened  and  cleaned  flaxseed.  When  used  to  cover  any  other  •product, 
the  name  of  the  seed  from  which  it  is  obtained  shall  be  prefixed  to  "oil 
cake." 

Ground  Oil  Cake  is  the  product  obtained  by  grinding  oil  cake.  AVhen 
used  alone,  the  term  "ground  oil  cake"  shall  be  understood  to  designate 
the  product  obtained  from  partially  extracted,  screened  and  cleaned  flax- 
seed. When  used  to  cover  any  other  product  the  name  of  the  seed  from 
which  it  is  obtained  shall  be  prefixed  to  "ground  oil  cake." 

COTTONSEED  PRODUCTS. 

Cottonseed  Meal  is  a  product  of  the  cottonseed  only,  composed  princi- 
pally of  the  kernel  with  such  portion  of  the  hull  as  is  necessary  in  the 
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manufacture  of  oil ;  provided  that  notliing  shall  be  recognized  as  cotton- 
seed meal  that  does  not  conform  to  the  foregoing  definition  and  that  does 
not  contain  at  least  36  per  cent  of  protein. 

Choice  Cottonseed  Meal  must  be  finely  ground,  not  necessarily  bolted, 
perfectly  sound  and  sweet  in  odor,  yellow,  free  from  excess  of  lint  and 
must  contain  at  least  41  per  cent  of  protein. 

Prime  Cottonseed  Meal  must  be  finely  ground,  not  necessarily  bolted,  of 
sweet  color,  reasonably  bright  in  color,  yellow,  not  brown  or  reddish,  free 
from  excess  of  lint,  and  must  contain  at  least  38.6  per  cent  of  protein. 

Oood  Cottonseed  Meal  must  be  finely  ground,  not  necessarily  bolted,  of 
sweet  odor,  reasonably  bright  in  color,  and  must  contain  at  least  36  per 
cent  of  protein. 

Cottonseed  Feed  is  a  mixture  of  cottonseed  meal  and  cottonseed  hulls 
containing  less  than  36  per  cent  of  protein. 

Cold  Pressed  Cottonseed  is  the  product  resulting  from  subjecting  the 
whole  undecorticated  cottonseed  to  the  cold  pressure  process  for  the  ex- 
traction of  oil,  and  includes  the  entire  cottonseed  less  the  oil  extracted. 

Ground  Cold  Pressed  Cottonseed  is  the  ground  product  resulting  from 
subjecting  the  whole  undercorticated  cottonseed  to  the  cold  pressure  pro- 
cess for  the  extraction  of  oil,  and  includes  the  entire  ground  cottonseed 
less  the  oil  extracted. 

LINSEED    AND   FLAX    PRODUCTS. 

Flax  Plant  By-Prodiict  is  that  portion  of  the  flax  plant  remaining  after 
the  separation  of  the  seed,  the  bast  fiber  and  a  portion  of  the  shives,  and 
consists  of  flax  shives,  flax  pods,  broken  and  immature  flax  seeds  and  the 
cortical  tissue  of  the  stem. 

Unscreened  Flaxseed  Oil  Feed  is  the  ground  product  obtained  after  ex- 
traction of  part  of  the  oil  from  unscreened  flaxseed  by  crushing,  cooking 
and  hydraulic  pressure,  or  by  crushing,  heatiug  and  the  use  of  solvents. 
When  sold  without  grinding  the  unground  product  shall  be  desig- 
nated as  "unscreened  flaxseed  oil  feed  cake." 

Ingredients  of  Unscreened  Flaxseed  Oil  Feed — Ground  cake  from  par- 
tially extracted  flaxseed  and  foreign  seeds  (wheat,  wild  buckwheat, 
pigeon  grass,  wild  mustard,  etc.) . 

Screenings  Oil  Feed  is  the  ground  product  obtained  after  extraction  of 
part  of  the  oil  by  crushing,  cooking  and  hydraulic  pressure,  or  by  crush- 
ing, heating  and  the  use  of  solvents  from  the  smaller  imperfect  grains, 
weed  seeds  and  other  foreign  materials  having  feeding  value  separated 
in  cleaning  the  grain.  The  name  of  the  grain  from  which  the  screenings 
are  separated  shall  be  prefixed  to  "screenings  oil  feed." 

OAT  rRODLCTS. 

Oat  Groats  are  the  kernels  of  the  oat  berry. 

Oat  Hulls  are  the  outer  chafl'y  coverings  of  the  oat  grain. 

Oat  Middlings  are  the  floury  portion  of  the  oat  groat  obtained  in  the 
milling  of  rolled  oats. 

Oat  Shorts  are  the  covering  of  the  oat  grain  lying  immediately  inside 
the  hull,  being  a  fuzzy  material  carrying  with  it  considerable  portions 
of  the  fine  fioury  part  of  the  groat  obtained  in  the  milling  of  rolled  oats. 
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Clipped  Oat  By-Product  is  the  resultant  by-product  obtained  in  the 
maniiracture  of  clipped  oats.  It  may  contain  light,  chaffy  material 
broken  from  the  ends  of  the  hulls,  empty  hulls,  light,  immature  oats  and 
dust.    It  must  not  contain  an  excessive  amount  of  oat  hulls. 

PEANUT  PRODUCTS. 

Peatmt  Oil  Cake  is  the  residue  after  the  extraction  of  i)art  of  the  oil 
by  pressure  or  solvents  from  peanut  kernels. 

Peanut  Oil  Meal  is  the  ground  residue  after  the  extraction  of  part  of 
the  oil  from  peanut  kernels. 

Unhullcd  Peanut  Oil  Feed  is  the  ground  residue  obtained  after  extrac- 
tion of  part  of  the  oil  from  whole  peanuts,  and  the  ingredients  shall  be 
designated  as  "peanut  meal  and  hulls." 

RICE  PRODUCTS. 

Rice  BrUn  is  the  cuticle  beneath  the  hull. 
Rice  Hulls  are  the  outer  chaflfy  coverings  of  the  rice  grain. 
Rice  Polish  is  the  finely  powdered  material  obtained  in  polishing  the 
kernel. 

WHEAT  PRODUCTS. 

Wheat  Bran  is  the  coarse  outer  coatings  of  the  wheat  berry  obtained 
in  the  usual  commercial  milling  process  from  wheat  that  has  been  cleaned 
and  scoured. 

Shorts  or  Standard  Middlings  are  the  fine  particles  of  the  outer  and 
inner  bran  separated  from  bran  and  white  middlings. 

Wheat  White  Middlings  or  White  Middlings  are  that  part  of  the  oftal 
of  whe^t  intermediate  between  shorts  or  standard  middlings  and  red  dog. 

Shipstuff  or  Wheat  Mixed  Feed  is  a  mixture  of  the  products  other  than 
the  flour  obtained  from  the  milling  of  the  wheat  berry. 

Red  Dog  is  a  low  grade  wheat  flour  containing  the  finer  particles  of 
bran. 

Wh£at  Bran  tHth  Mill  Run  Screenings  is  pure  wheat  bran  plus  the 
screenings  which  were  separated  from  the  wheat  used  in  preparing  said 
bran. 

Wh^at  Bran  with  Screenings  not  Exceeding  Mill  Run  is  either  wheat 
bran  with  the  whole  mill  run  of  screenings  or  wheat  bran  with  a  portion 
of  the  mill  run  of  screenings,  provided  that  such  portion  is  not  an  inferior 
portion  thereof. 

MISCELLANEOTTS   PRODT^CTS. 

Yeast  or  Vinegar  Dried  Grains  are  the  properly  dried  residue  from  the 
mixture  of  cereals,  malt  and  malt  sprouts  (sometimes  cottonseed  meal) 
obtained  in  the  manufacture  of  ye^ist  or  vinegar  and  consists  of  corn  or 
com  and  rye  from  which  most  of  the  starch  has  been  extracted,  together 
with  malt  added  during  the  nianufactnring  process  to  change  the  starch 
to  sugars,  and  malt  sprouts  (sometimes  cottonseed  meal)  added  during 
the  manufacturing  process  to  aid  in  filtering  the  residue  from  the  wort 
and  serve  as  a  source  of  food  supply  for  the  yeast. 
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Palm  Kernel  Oil  Meal  is  the  ground  residue  from  the  extraction  of  part 
of  the  oil  by  pressure  or  solvents  from  the  kernel  of  the  fruit  of  the  Elaeis 
guineensis  of  Elaeis  malanococca. 

Ivory  Nut  Meal  is  ground  ivory  nuts. 

TENTATIVE  DEFINITIONS. 

Corn  Feed  Meal  is  the  by-product  obtained  in  the  manufacture  of 
cracked  corn,  with  or  without  aspiration  products  added  to  the  siftings, 
and  is  the  by-product  obtained  in  the  manufacture  of  table  meal  from  the 
whole  grain  by  the  non-degerminating  process. 

Hominy  Feed,  Hominy  Meal  or  Hominy  Chop  is  a  kiln-dried  mixture 
of  the  mill  run  bran  coating,  the  mill  run  germ,  with  or  without  a  partial 
extraction  of  the  oil  and  a  part  of  the  starchy  portion  of  the  white  corn 
kernel  obtained  in  the  manufacture  of  hominy,  hominy  grits  and  corn 
meal  by  the  degerminating  process. 

Yellow  Hominy  Feed,  Yellow  Homvny  Meal  or  Yelloto  Hominy  Chop  is 
a  kiln-dried  mixture  of  the  mill  run  bran  coating,  the  mill  run  geim, 
with  or  without  a  partial  extraction  of  the  oil  and  a  part  of  the  starchy 
portion  of  the  yellow  corn  kernel  obtained  in  the  manufacture  of  yellow 
hominy  grits  and  yellow  corn  meal  by  the  degerminating  process. 

TAnseed  Meal  is  the  ground  product  obtained  after  extraction  of  part 
of  the  oil  from  ground  flaxseed  screened  and  cleaned  of  weed  seeds  and 
other  foreign  materials  by  the  most  improved  commercial  processes, 
provided  that  the  final  product  shall  not  contain  over  6  per  cent  of  weed 
seeds  and  other  foreign  materials  and  provided  further  that  no  portion 
of  the  stated  6  per  cent  of  w(H^d  seeds  and  other  foreign  materials  shall 
be  deliberately  added. 

Oil  Meal  is  the  ground  product  ol)tained  after  the  extraction  of  part 
of  the  oil  by  crushing,  cooking  and  hydraulic  pressure,  or  by  crushing, 
heating  and  the  use  of  solvents  from  seeds  which  have  been  screened 
and  cleaned  of  weed  seeds  and  other  foreign  materials  by  the  most  im- 
proved commercial  processes.  AVhen  used  alone  the  term  "Oil  Meal" 
shall  be  understood  to  designate  linseed  meal  as  defined.  When  used  to 
cover  any  other  product  the  name  of  the  seed  from  wliich  it  is  obtained 
shall  be  prefixed  to  the  words  "oil  meal." 

Old  Process  Oil  Meal  is  the  ground  product  obtained  after  extraction 
of  part  of  the  oil  by  crushing,  cooking  and  hydmulic  pressure  from  seeds 
screened  and  cleaned  of  weed  seeds  and  other  foreign  materials  by  the 
most  improved  commercial  processes.  When  used  alone  the  term  "Old 
Process  Oil  Meal"  shall  be  understood  to  designate  linseed  meal  as  de- 
fined, made  by  the  old  process.  When  used  to  cover  any  other  product 
the  name  of  the  seed  from  which-  it  is  obtained  shall  be  prefixed  to  "old 
process  oil  meal." 

Knr  Process  Oil  Meal  is  the  ground  ])roduct  obtained  after  extraction 
of  part  of  the  oil  by  crushing,  heating  and  the  use  of  solvents  from  seeds 
screened  and  cleaned  of  weed  seeds  and  other  foreign  materials  by  the 
most  improv(Hl  commercial  processes.  When  used  alone  "New  Process 
Oil  Meal"  shall  be  understood  to  designate  linseed  meal  as  defined, 
made  by  the  new  process.  When  used  to  cover  any  other  product  the 
name  of  the  seed  from  which  it  is  obtained  shall  be  prefixed  to  "new 
process  oil  meaL'' 
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Ground  Flaxseed  or  Flaxseed  Meal  is  the  product  obtained  by  grinding 
Haxseed  which  has  been  screened  and  cleaned  of  weed  seeds  and  other 
foreign  material  by  the  most  improved  commercial  processes,  provided 
that  the  final  products  shall  not  contain  over  4  per  cent  of  weed  seeds 
and  other  foreign  materials,  and  provided  further  that  no  portion  of  the 
stated  4  per  cent  of  weed  seeds  and  other  foreign  materials  shall  bo 
deliberately  added. 

PROPOSED  DBFINlTlONii?. 

Wheat  Bran  consists  of  the  coarse  outer  coatings  of  the  kernel  obtained 
in  the  usual  commercial  process  of  milling  from  wlieat  that  has  been 
cleaned  and  scoured. 

Wheat  Shorts  or  Middlings. 

(a)  Brown  (Red)  Shorts  consist  mostly  of  the  fine  particles  of  bran 
and  germ  and  contains  very  little  of  fibrous  offal  obtained  from  the 
^^tail  of  the  mill." 

(b)  Standard  (Total  or  Gray)  Shorts  consist  of  the  fine  particles 
of  the  outer  bran,  the  inner  or  **Bee-wing''  bran,  germ,  and  the  offal,  or 
fibrous  material,  obtained  in  the  last  reduction  on  millings. 

(c)  White  Shorts  consist  of  a  smaller  portion  of  the  fine  bran  parti- 
cles and  germ  and  a  much  greater  portion  of  the  fibrous  offal  from  the 
"tail  of  the  mill." 

Red  Dog  consists  of  a  mixture  of  low-grade  fiour,  fine  particles  of  bran 
and  the  fibrous  offal  from  the  "tail  of  the  mill.'- 

Ship  Stuff  (Wheat  Mixed  Feed)  consists  of  pure  wheat  bran  and 
standard,  or  total,  shorts  combined  in  the  proportions  obtained  in 
the  usual  process  of  commercial  milling. 

(Note — If  to  any  of  the  foregoing  brandu  of  feetl  there  should  be  added  screenings,  or  scour- 
ings,  as  hereinafter  defined,  either  ground  or  unground,  bolted  or  unbolted,  such  brand  will  be 
so  registered,  labeled  and  sold  as  clearly  to  indicate  this  fact.  The  word  "Scroenlngs"  or 
"Scourlngs"  as  the  ease  may  be,  shall  appear  us  a  part  of  the  name  or  braml  and  shall  be 
printed  In  the  same  size  and  face  of  type  as  the  remainder  of  the  brand  name.) 

Screenings  consist  of  the  smaller,  imperfect  grains,  weed  seeds,  and 
other  foreign  materials,  having  feed  value,  separated  in  cleaning  the 
grain. 

Soowrings  consist  of  such  portions  of  the  cuticle,  brush,  white  caps, 
dust  smut,  and  other  materials  as  are  separated  from  the  grain  in  the 
usual  commercial  process  of  scouring. 

DISCUSSIONS  OF  RESULTS. 

During  the  past  year  919  samples  of  feed  have  been  analyzed.  Of 
this  number  13  represented  products  which  are  not  subject  to  license  and 
10  samples  represented  shipments  which  the  manufacturers  refused  to 
license.  In  the  future  all  unlicensed  "commercial  feeding  stuffs''  will 
be  removed  from  sale  wherever  found.  Dealers  are,  therefore,  cautioned 
about  handling  such  feed. 

In  summarizing  the  results  of  the  inspection  during  the  past  year,  we 
find  that  75  or  8.3  per  cent  of  the  samples  were  below  guarantee  in 
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protein,  68  or  7.5  per  cent  were  below  guarantee  in  fat  and  117  or  12.8 
per  cent  were  above  guarantee  in  crude  fiber.  This  is  an  improvement 
over  the  results  obtained  last  year  and  nearly  50  per  cent  better  than  the 
results  of  1916.  The  greatest  improvement  is  noticed  in  the  cottonseed 
meals.  During  the  first  year  (1916)  51  per  cent  of  the  cottonseed  meals 
examined  were  found  below  guarantee  in  protein.  During  the  past  year 
only  17  per  cent  of  the  cottonseed  meal  samples  were  deficient  in  protein. 
This  is  due,  not  so  much  to  an  improvement  in  the  quality  of  the  meal  as 
to  a  more  truthful  statement  of  the  guarantees.  In  other  words,  the  cot- 
tonseed sold  in  Michigan  during  the  past  year  has  been  no  better  than 
that  of  other  years  but  the  guarantees  have  been  adjusted  to  fit  the  facts. 

There  has  been  a  decided  falling  off  in  the  number  of  samples  of  dis- 
tillers and  brewers  grains  shipped  into  the  State.  This  is  evidently  due, 
in  part,  to  a  partial  boycott  on  the  part  of  distillera  and  brewers  against 
shipping  their  products  into  dry  states. 

The  highest  percentage  of  deficiencies  was  found  in  the  calf  meals, 
hog  meals  and  molasses  feeds.  In  buying  these  classes  of  feeds  the  pur- 
chaser takes  greater  chances  of  not  getting  the  value  guaranteed  than 
in  any  other  classes  of  feed. 

There  has  been  a  notable  decrease  in  the  number  of  samples  of  wheat 
bran  and  middlings  on  the  market.  These  have  been  replaced  in  part  by 
rye  and  barley  feeds  and  other  less  common  products. 

A  complete  summary  of  the  results  obtained  during  the  past  three  years 
is  given  in  the  following  table.  The  figures  here  presented  clearly  show 
the  effect  of  a  vigorous  inspection  service  in  improving  the  whole  feed 
situation  throughout  the  State. 
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NEW  FEEDS. 


The  demand  for  wheat  flour  substitutes  hos  brought  upon  the  market 
in  abundance  several  feeds  which  heretofore  wore  found  but  infrequently 
and  only  in  small  lots.  ITntil  recently  tliesc  byproduct  feeds  were 
usually  worked  up  in  ready  mixed  feeds,  now,  however,  they  are  on  sale 
as  separate  and  distinct  articles  of  feed.  The  more  important  of  these 
are,  barley  feed,  corn  feed  meal,  oat  meal  mill  by-products  (oat  hulls, 
ojit  shorts  and  oat  middlings)  and  clipped  oat  by-product. 

Barley  feed  is  the  by-product  from  the  jnanufacture  of  pearl  barley 
and  barley  flour  and  consists  of  the  coarse  hull  and  fibrous  material 
surrounding  the  starchy  kernel  with  some  adhering  fine  particles  thercH)f. 
This  feed  is  light  and  bulky,  having  a  high  fiber  content.  The  average 
of  samples  analyzed  during  the  year  follows:  moisture,  0.0%;  protein 
9.2% ;  fat,  2.5%  and  crude  fiber,  20.2%.  On  account  of  the  bulkiness 
and  fibrous  quality  of  this  feed  it  is  not  succcsssfully  fed  alone  but  it 
does  make  a  valuable  addition  to  mixtures  of  heavy  and  compact  feeds 
such  as  corn  feed  meal,  cottonseed  meal  antl  other  concent  rates  of  similar 
character. 

The  origin  and  character  of  the  various  oat  by-products  is  covered  on 
a  previous  page  under  "definitions.-'  The  variation  in  feeding  value 
of  these  products  is  wide  and  hence  each  lot  should  be  bought  only  upon 
the  basis  of  the  guaranteed  analysis.  The  fiber  content  of  the  oat 
products  sold  separately  or  mixed  is  an  indication  of  the  quality  of  any 
particular  lot  in  question,  the  fiber  content  of  the  middlings  being  4.05;^ 
while  that  of  the  hulls  is  29.2% : — in  other  words,  a  high  percentage  of 
fiber  indicates  a  large  proportion  of  hulls  and  a  correspondingly  low  feed- 
ing value.  These  feeds  have  a  value  similar  to  barley  feed  as  regards 
nmking  the  grain  ration  more  bulky. 

Corn  feed  meal  is  a  by-product  obtained  in  the  manufacture  of 
cracked  corn,  table  meal  and  corn  flour.  In  feeding  value,  it  is  nearly 
if  not  quite  equal  to  the  entire  grain  and  at  times  can  be  purchased  for 
less  per  ton.  In  mixing  rations  for  cows  and  horses,  corn  feed  meal  can 
be  used  in  place  of  the  whole  corn  meal  with  little  depression  of  the  food 
value.  For  feeding  pigs  the  meal  should  be  moistened  as  otherwise  it 
will  be  rooted  out  of  the  troughs  and  wasted. 

Corn  bran  is  also  derived  from  the  manufacture  of  t^ible  meal  and 
cracked  corn  and  consists  of  the  transparent  outer  layer  of  the  kernel 
with  particles  of  the  starchy  portion  adhering;  freijuently  light  shmnten 
kernels  and  other  chatfy  materials  are  present.  This  product  contains 
from  9  to  12%  crude  protein,  fi  to  8%  fat  and  approximately  10%  fiber. 
Henry  and  Morrison  give  the  total  digestible  nutrients  as  73.1  pounds 
per  100  pounds  of  the  feed.  The  light  flaky  character  of  corn  bran,  gives 
it  especial  value  for  mixing  with  heav^-,  *compj»ct  concentrates.  Some 
manufacturers  grind  the  bran  while  others  put  it  on  the  market  as  it 
comes  from  the  mill. 

The  extensive  use  of  corn  oil  for  cooking  purposes  has  brought  corn 
oil  cake  meal  on  the  market  in  appreciable  quantities.  It  is  a  valuable 
feed  for  dairy  cows  and  is  also  in  high  favor  with  many  hog  growers. 
Tbis  feed  is  usually  prepared  for  pigs  by  soaking  a  few  hours  and  is 
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frequently  mixed  with  middlings,  wliich  have  about  the  same  food  value, 
at  the  time  of  feeding. 

At  several  points  in  the  State  feeders  have  used  velvet  bean  feed  during 
the  past  winter  with  good  results.  The  pods  and  seeds  of  the  velvet  bean 
are  ground  together  without  threshing,  the  product  analyzing  approxi- 
mately 12.3%  moisture,  17.1%  protein,  4.0%  fat  and  14.3%  fiber.  In 
trials  made  by  the  Department  of  Animal  Husbandry  of  the  college  it 
was  found  that  the  material  was  not  palatable  to  swine  and  also  con- 
tained too  much  fiber  for  these  animals.  Although  meal  made  by  grind- 
ing the  seed  alone  gave  somewhat  better  success  it  is  used  to  best  advan- 
tage as  a  hog  feed  only  after  cooking.  Sheep  ate  the  unground  pods  and 
seeds  with  relish  and  iamb  feeders  are  getting  good  results  by  mixing  the 
ground  feed  with  shelled  corn.  When  feeding  this  material  to  cattle  it 
should  be  borne  in  mind  that  beans  of  any  sort  are  not  greatly  relished 
and  care  should  be  taken  not  to  include  too  great  a  proportion  of  the 
velvet  bean  feed  in  the  grain  ration.  A  small  amount  Should  be  fed  at 
first,  increasing  the  proportion  as  the  animals  become  more  accustomed 
to  it.  Results  obtained  in  the  use  of  this  feed  in  dairy  rations  as  well 
as  a  corn  supplement  in  rations  for  fattening  steers  are  very  favorable 
and  indicate  that  it  is  worthy  the  attention  of  Michigan  feeders. 

A  mixture  of  the  bran  and  middlings  obtained  in  the  milling  of  rve 
for  flour  is  sold  as  rye  feed ;  this  has  about  the  same  feeding  value  as  the 
corresponding  wheat  mixed  feed.  There  is  greater  danger  of  causing 
digestive  disturbances  in  feeding  rye  products  alone  than  with  wheat 
products  but  limited  amounts  used  in  mixtures  give  -good  results.  The 
cost  to  the  feeder  is  usually  somewhat  lower  than  the  cost  of  wheat 
feeds  although  the  feeding  value  is  approximately  the  same. 

As  a  suggestion  to  the  reader  a  few  concentrated  rations  for  dairy 
cows,  using  the  feeds  mentioned  above,  are  given.  These  mixtures  are 
in  combinations  to  balance  a  roughage  ration  of  clover  hay  and  corn 
ensilage  fed  at  the  rate  of  I  pound  hay  and  3  pounds  ensilage  per  100 
pounds  live  weight  with  1  pounds  of  concentrates  per  day  for  each  3 
pounds  or  4  pounds  of  milk  given  per  day.  In  these  mixtures  as  outlined 
certain  substitutions  can  be  made  without  greatly  changing  the  nutri- 
tive ratio: — bran  may.be  substituted  for  barley  feed,  hominy  feed  for 
corn  feed  meal,  standard  middlings  for  velvet  bean  feed  meal,  and  corn 
oil  cake  meal  for  standard  middlings  and  velvet  bean  feed  meal  by  put- 
ting in  a  few  pounds  less  than  is  indicated  for  the  latter  feeds  mentioned. 
Ilye  middlings,  rye  bran  or^rje  feed  may  be  substituted  for  the  corres- 
ponding wheat  feeds. 


1. 


Barley  feed 100  lbs.         Barley    Feed 150  l]>s. 

Cottonseed  Meal 50  lbs.         Torn  Feed  Meal-.  * 100  lbs. 

Corn  Feed  Meal 100  lbs.  Tottonseed  Meal 50  lbs;. 

Wheat   Bran 100  U>s.         Oil   Meal .■')0  lbs. 

4. 

Barley    Feed 100  lbs.         Velvet  Bean  Feed 100  lbs. 

Oluten    Feed 100  lbs.         AVheat   Bran 100  lbs. 

Corn  Feed  Meal 100  lbs.         Corn  Feed  Meal 200  lbs. 

Cottonseed  Meal 50  lbs,         Cottonseed  Meal 50  lbs. 


Glutten  Feed 50  lbs. 
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5.  6. 

Velvet  Bean  Feed 100  lbs.         Velvet  Bean  Feed 100  lbs. 

Standard  Wheat  Mid-  Ground    Corn 100  lbs. 

dlings 100  lbs.         Ground  Oats 100  lbs. 

Barley   Feed 100  lbs.         Cottonseed  Meal , .     50  lbs. 

Hominy  Feed 100  lbs. 

Cottonseed   Meal 50  lbs. 

KEYSTONE   STOCK    CONDITIONER. 

Hince  the  last  bulletin  was  issued,  Keystone  Stock  Conditioner,  men- 
tioned therein  has  again  been  shipped  into  the  State  at  a  'few  points 
by  the  manufacturers,  The  Guaranty  Food  Co.,  Lewisburg,  Pa.  The 
analysis -of  this  mixture  reported  last  year  gave  the  composition  as 
largely  cocoa  shells  and  epsom  salts;  since  that  time  sulphur,  copperas, 
foenugreek,  ginger,  gentian,  and  capsicum  have  been  added,  but  in  such 
very  small  quantities  that  its  conditioning  value  is  practically  unchanged. 
As  noted  in  the  previous  bulletin  no  food  value  is  claimed  for  this  product 
and  hence  no  action  can  be  taken  under  the  State  feeding  stuffs  law. 

CONDIMBNTAL  FEEDS. 

Regarding  condimental  feeds  as  a  whole  it  is  vei^  true  that  they 
combine  low  quality  and  high  prices  to  an  unusual  degree.  For  the 
purpose  of  comparison,  the  cost  of  a  tonic  with  linseed  meal  as  a  filler  was 
computed,  using  retail  drug  prices,  the  cost  was  found  to  be  7  cents 
per  pound.  By  replacing  the  linseed  meal  with  cocoa  shells  the  cost 
could  be  lowered  to  5.7  cents  per  pound.  The  prices  charged  for  stock 
'^foods''  range  from  10  to  25  cents  per  pound.  That  purchasers  pay  the 
manufacturer  a  handsome  profit  is  very  evident. 

The  large  majority  of  properly  conducted  experiments  fail  to  show 
profitable  results  from  the  use  of  these  preparations.  The  results 
sometimei5  obtained  are  moi*e  often  due  to  the  liberal  feeding  and  good 
care  advocated  in  tlie  accompanying  directions  than  to  any  value  in 
the  "food.''  Henry  &  iMorrison  in  Feeds  &  Feeding  say  on  this  x>oint, 
**Rather  than  purchase  advice  with  costly  condimental  foods  the  wise 
feeder  will  secure  it  in  standard  agricultural  papers  and  books  or  from 
the  experiment  stations  and  the  United  States  Department  of  Agricul- 
ture. Farm  animals  managed  with  reasonable  care  have  appetites  which 
do  not  need  stimulating.  Sick  animals  or  those  out  of  condition  should 
receive  specific  treatment  rather  than  be  given  some  cure-all." 

To  cover  the  infrequent  cases  where  "tonics"  or  "spices"  are  needed  to 
sharpen  the  appetite  especially,  the  following  formulae  are  suggested 
by  the  authors  quoted  above : 

No.  1.  No.  2. 

Fenugreek 2  lbs.         Ground  Gentian 4  lbs. 

Allspice    2  lbs.         Powdered  Saltpeter. . .       1  lb. 

Gentian 4  lbs.         Ground  Ginger. 1  lb. 

Salt   5  lbs.         Powdered  Copperas ...       lib. 

Salt  Peter 5  lbs. 

Epsom  Salts   10  lbs. 

Linseed  Meal 100  lbs. 
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Formula  No.  1,  given  a  tjiblespoon  with  each  feed,  will  supply  more 
drugs  than  most  of  the  much  advertised  stock  feeds  or  tonics.  Formula 
No.  2  may  be  given  at  the  rate  of  one  tablespoonful  daily  mixed  with  the 
feed  for  ten  days,  then  omitted  for  three  days  and  then  given  for  ten 
days  more.    No  drugs  or  tonics  should  be  given  healthy  animals. 

As  a  general  tonic  to  be  used  when  the  appetite  is  not  seriously  im 
paired  and  when  one  desires  to  build  up  the  general  condition  of  the 
animal,  the  veterinary  department  of  the  College  suggests  the  following 
as  suitable  for  all  kinds  of  livestock : 

Sodium    Sulfate    (dried). 5      oz. 

Sodium   Bicarbonate 414  oz. 

Sodium  Chloride 2  oz. 

Potassium  Sulfate 2  drams. 

Mix  and  feed  with  grain  in  tablespoonful  doses  to  horses  and  cattle  and 
teaspoonful  doses  to  pigs  and  sheep  two  or  three  times  daily  until  condi- 
tion improves.  With  this  an  occasional  dose  of  saltpeter  in  the  drink- 
ing water — a  teaspoonful  to  a  pailful — will  work  advantageously  if  fat- 
tening is  especially  desired. 
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B  1934 
B2597 
B2671 
B2678 
B2703 
B2807 
B280g 
B2817 
B2818 
B2849 
B2882 
B2976 
B  .1013 
B3051 
B3058 
B3074 
B3264 
B3310 
B3320 


B  2666 
B2900 
B2910 
B3008 


B  1868 
B  1869 
B2486 
B2632 
B2822 
B2904 
B2g30 
B3018 
B3206 
B3207 
B  3266 
B  3274 
B  3282 
B3283 
B3298 


h  2X23 

B  2\m 

H  2999 
B3026 
H  3027 
B30:» 
B3120 
B  312.5 


Manufacturer  and  Trade  Name. 


COTTONSEED  MEAL. 
American  Cotton  Oil  Co^  New  York,  N.  Y. 


Surely 

Surety 

Surety 

Sr-'- 

Si 

Si 

Si 

Si 

Si 

S« 

Su 

Su 

Su 

Su 

^ 
Su 

Su 

Su 

Su 


Brand  Cottorsoed 
Brand  Cottonseed 
Brand  Cottonseed 
^-nd  Cottonseed 
nd  Cottonseed 
rd  Cottonseed 
rd  Cottonseed 
rd  Cottonseed 
rd  Cottonseed 
cd  Cottonseed 
nd  Cottonseed 
nd  Cottonseed 
ad  Cottonseed 
[jd  Cottonseed 
id  Cottonseed 
id  Cottonseed 
id  Cottonseed 
id  CottoDseed 
id  Cottonseed 


Meal  . 

Meal.. 

Meal.. 

Meal  . 

Meal.. 

Meal  . 

Meal  . 

Meal.. 

Meal  . 

Meal  . 

Meal 

Meal  . 

Meal 

Meal  . 

Mral 

Meal  . 

Meal 

Meal.. 

Meal.. 


J.  E.  Bertlett  Co.  Jackson,  Mich. 


Fanner  Brand  Prime  Cottonseed  Meal 
Farmer  Brand  Prime  Cottonseed  Meal 
Farmer  Brand  Prime  Cottonseed  Meal 
Fanner  Brand  Prime  Cottonseed  Meal 


Farmer  Brand 
Fanner  Brand 
Farmer  Brand 
Farmer  Brand 
Farmer  Brand 
Farmer  Brand 
Farmer  Brand 
Farmer  Brand 
Fanner  Brand 
Farmer  Brand 
Farmer  Brand 
Farmer  Braid 
Farmer  Brand 
Farmer  Brand 
Farmer  Brand 


Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 


Cottonseed 
Cottonseed 
Cottonseed 
Cottonseed 
Cottonseed 
Cottonseed 
Cottonseed 
Cottonseed 
('otton.secd 
Cottonseed 
Cottonscicd 
Cottonseed 
Cottonseed 
Cottonfotd 
Cottonseed 


Meal 
Meal 
Meal 
Meal 
Meal 
Meal 
Meal 
Meal 
Meal 
Meal 
Meal 
Meal 
Meal 
Meal 
Meal 


F.  W.  erode  A  Co.,  Memphis,  Tenn. 

Jay  Brand  Cottonseed  Meal 

Jay  Brand  Cottonseed  Meal 

Jay  Brand  Cottonseed  Meal  

Jay  Brai:d  Cottonseed  Meal 

Jay  Brand  Cottonseed  Meal 

Jay  Brand  Cottoi.'seed  Meal 

Jay  Brand  Cottonseed  Meal 

Jay  Brand  Cottorsef  d  Meal 


Sampled  at 


Detroit \F.* 

Holland 

Jamestown 

Bangor 

Adrian 

Dundee 

Milan  

Caro 

Pigeon 

Sandusky  

Adrian 

Clio 

Alraa    

Grand  Rapids 

Grand  Rapids 

Grand  Rapids 

Schoolcraft 

Mason 

Detroit 

Average 


/G.* 

Jackson \F.* 

Albion 

Constantino  

Allegan  

Average 

fG.* 

Coldwater \¥.* 

Adrian 

Coopersville 

Kalamasoo 

Marlette 

Three  Rivers 

Morriro       

Mt.  Pleasant 

Oxford 

Rorheiiter 

(^onstantine 

Hillsdale 

Kalamasoo 

Kalamazoo 

Battle  Creek 

Average 

Fremont 'G.* 

IF.' 

Sagiiaw 

Pontiac 

Reed  City 

Reed  City 

LeRoy 

Rockford 

Jamestown 

Average 


8.7 
9  1 
8.2 
8.4 
8.6 
8.0 

8  6 
8.8 
8.2 
0.0 
8.8 

9  9 
8  5 
8  5 
8.3 
8.4 
8.9 
8.3 
8.6 


8.6 


8.8 
8  9 

8.8 


36  0 
36  9 
39  0 

35  9 
36.2 

36  6 
36.8 
36  3 

34  8 
36  9 
36.6 

35  3 

36  0 

35  5 
329 

36  1 

37  6 
37.1 
36.3 
37.0 


36  3 


38.6 
36.6 
40.0 
40  8 
40  1 


8  3 
7.6 
8.7 
8.6 
80 
8  2 
8  7 
6.5 
8.8 
8.3 

8  3 
8.2 

9  1 


8.2 


8  4 

9  6 
9.1 
7  9 

7.8 
8.5 
8.8 


8.5 


36.0 
45.6 
36.9 
36.3 
37  5 
35.8 
35.4 
33.8 
36.3 
36.9 
35  9 
35  8 
36.6 
36.6 
35.7 
34.9 


36.1 


36  0 
37.3 
36.2 
36.8 
36.5 
36.2 
35.7 
37.6 
35.9 


36.5 


56 
7.0 
6.4 
7.4 
7.4 
74 
7.2 
6.8 
6.7 
6.7 
6.2 
6.3 
6.4 
7  3 

6  4 

7  5 
7.2 
6.7 
6.0 
6.2 


g 

1 

iii 

•  «* 

o  t: 

& 

E" 

14  0 

13.8 

$53  00 

12  7 

60.00 

6  8 

54.00 

12  1 

60.00 

12.4 

53.50 

12  2 

58.00 

12.2 

56.00 

13.5 

2.75 

13.2 

52.00 

14.0 

3  30 

13.4 

13.6 

5f?  00 

13  3 

60  00 

14  2 

58.00 

9.1 

54  00 

6.8 


5.0 
7.7 
6.8 
7.0 
6.3 


7.0 

6.0 
7.9 
7.0 
7.0 
6.7 
8.6 
6  6 
7.4 
6  5 
75 
6  9 
6.4 
6.7 
6  6 
7.0 
6.3 


7.0 


5  0 
7.3 
5.3 
5.8 
6.5 
6.3 
6.8 


6.4 


11  1 
15  4 
14.6 
13.5 


12.7 


18.0 
9.8 
10.0 
10.0 
12.0 


10.7 

12.0 
7.8 
13.6 
14.1 
12.0 
12.2 
13.2 
13.2 
14.1 
10  5 
12.1 
15.1 
15.2 
12.4 
12  8 
17.1 


13  0 


14.0 
10  4 
11.7 
11.3 
13.8 
13.3 
13.8 
13.2 
14.1 


12.7 


60.00 

2.75 

55.00 

55  00 


160.00 


54.00 
58.00 


S54.00 
53.59 
61.00 


•54.00 

56  00 
58  00 
55.00 
56.00 
56.00 
56.00 
58.00 

"2'90 

57  00 


>52  00 

"290 
60  00 
60  00 
58  OU 
60  00 
54  00 


*Abbreviation8  fur  Guaranteed  and  Found. 


Digitized  by 


Google 


EXPJBRlMBNf  STATION  BULLETINS. 
ANALYSES  OP  FEEDING  STUFFS  FOR  1917-1918  -Continubd. 


337 


1 

Manfacturer  and  Trade  Name. 

Sampled  at 

1 

a 

1 

i 
i 

1' 

B2582 

F.  W.  Brodto  A  Co..  Memphis.  Tenn.-^ Concluded. 
Owl  Brand  Cottonseed  Meal 

Sparta 

Allegan 

If.- 

■8;4 
7.5 

41.00 

42.5 

41.3 

6.0 
6.3 
8.0 

10.0 
10.4 
9.3 

6  3097 

Owl  Brand  Cottonseed  Meal  

161  50 
60  00 

Buckeye  Cotton  Oil  Co..  Cincinnati,  Ohio. 

Buckeye  Good  Cottonseed  Meal 

Average. -  - 

8.0 

■■8;2 
8.6 
8.6 
8.2 
8.1 
8.8 
8.6 
82 

41.9 

36.0 
33.5 
35.3 
34.4 
39.1 
35.5 
35.2 
33.9 
36.0 

7.2 

50 
6.3 
6.0 
7.0 
6.9 
5  2 
5  7 
7.7 
54 

9.9 

14  0 
15.3 
15.4 
13.7 
10.2 
15.1 
15.9 
14.6 
15.5 

B2672 

Jamestown 

Ypsilanti 

B2888 

Buckeye  Good  Cottonseed  Meal       

154  00 

58  00 

B2960 

Buckeye  Good  Cottonseed  Meal 

Tensing 

2  85 

B2973 

Buckeye  Good  Cottonseed  Meal 

Birch  Run    

2  85 

B3039 

Buckeye  Good  Cottonseed  Meal 

Big  Rapids             .... 

60  00 

B3214 

Buckeye  Good  Cottonseed  Meal 

Chesanipg 

55  00 

B3209 

Buckeye  Good  Cottonseed  Meal    

Battle  Creek 

60  00 

B3308 

Buckeye  Good  Cottonseed  Meal. .  .r 

I^insing  

56  00 

S.  P.  Davis,  Little  Reck,  Ark. 
Good  Luck  Brand  Cottonseed  Meal 

Average 

84 

"i'i' 

8.0 

35  4 

41.0 
88.0 
37.6 

6  3 

6.0 
6.2 
5.8 

145 

9.0 
13.7 
14.3 

B3017 

Mt.  Pleasant... 
Shepherd  

\F.* 

B3021 

Good  Luck  Brand  Cottonseed  Meal 

158  00 
60  00 

Vcribcst  Cottonseed  Meal 

Average  ... 

7.8 

■'8!7' 
8.1 
8.3 

37.8 

38.5 
39.0 
35.2 
37.0 

6.0 

6.0 
6.8 
6.0 
6.2 

14.0 

10.0 
11.3 
14.2 
11.5 

B2087 

Watervliet 

rakton 

./a* 

\F.* 

B2858 

Veribest  Cottonseed  Meal 

160  00 

B3329 

Veribest  Cottonseed  Meal 

Clinton 

60  66 

East  St.  Louis  Cotton  OH  Co..  NatkHwl  Stock 
Yaitls.  111. 

East  St.  Louis  Cottonseed  Meal 

Average 

8.4 

"'8!4' 

"7!6" 
8.8 
7.7 
8.0 
8.0 
9.4 
8.5 
7.7 
8.8 
8.7 
9  5 
8.1 
8.8 
9.2 
8.9 
8.8 
8.8 

37.1 

38.5 
40.0 

360 
35.5 

35  1 
38.7 

36  1 
38.0 
38.9 
36.7 
39.6 

36  8 
36.1 
34.6 

37  6 
36.5 
36.1 
36  0 
35.9 
36.4 

6  3 

6.0 
6.8 

5.0 
5.7 
6.0 
6.6 
6.4 
6.2 
6.7 
6.4 
6.7 
6.7 
5.8 
5.4 
6.9 
6.5 
5.6 
5.8 
6.0 
5.5 

12.3 

12.0 
10.5 

16.0 
14.4 
13.0 
11.2 
13.3 
12.3 
12.5 
12.1 
11.6 
11.6 
13.6 
14.2 
11.4 
12.3 
13.8 
13.7 
14.2 
12.7 

B2796 

Ann  Arbor 

Adrian 

Clinton 

.fG.* 

\F.* 

./G.- 

B  1870 

St.  Clair  Brand  Cottonseed  Meal        

$58  50 

B  1982 

St.  Clair  Brand  Cottonseed  Meal    

53  50 
55  00 

B  1986 

St.  Clair  Bracd  Cottonseed  Meal 

Bliflcfield 

53  00 

B2571 

St.  Clair  Brand  Cottonseed  Meal               .   . 

N.  Miiskegon 

55  00 

B2601 

St.  Clair  Brand  Cottonseed  Meal 

Holland 

61  00 

B2618 

St.  Clair  Brand  Cottonseed  Meal 

Plainwoll 

56.00 

B2745 

St.  Clajr  Brand  Cottonseed  Meal 

Leslie 

3  00 

B2806 

St.  Clair  Brand  Cottonseed  Meal    .   . 

Manchester 

B2811 

Grass  Lake 

55  00 

B3103 

St.  Clair  Brand  Cottonseed  Meal  .... 

Coopers  vi  lie 

55  00 

B3105 

St.  Clair  Brand  Cottonseed  Meal 

Grandville 

B3107 

St.  Clair  Brand  Cottonseed  Meal 

Vriesland 

60  00 

B3223 

St.  Clair  Brand  Cottonseed  Meal  

Rirhipond. . . . 

3  00 

B3251 

St.  Clair  Brand  Cottonseed  Meal 

Adrian 

2  83 

B3281 

St.  Clair  Brand  Cottonseed  Meal 

55  00 

B3204 

St.  Clair  Brand  Cottonseed  Meal 

Plainwell 

3  00 

B330I 

St.  Clair  Brand  Cottonseed  Meal  

Jackson  .             ... 

58  00 

Feeders  Supply  Co..  Kansas  CHy.  Mo. 

l-xjuity  Brand  Cottonseed  Meal ^ 

Arkansaw  Brand  Cottonseed  Meal 

Average 

86 
'7.% 

8.1 
8.0 

36.7 

36  0 
36.8 

36.0 
35.1 
37.4 
86.7 

6.2 

5.0 
7.6 

5.0 
5.8 
6.0 
6.2 

12.8 

14.0 
11.8 

15.0 
16.0 
15.1 
12.6 

B  2636 
B2873 

Kalamaaoo 

Jackson 

Holly 

\F.^ 
./G.» 

"16806 

B2991 

Arkansaw  Brand  Cottonseed  Meal    

B3302 

Arkansaw  Brand  Cottonseed  Meal 

Jackson 

58  00 

Average 

7.6 

86.4 

6.0 

14.6 

1 
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II 


B2608 

B3635 
B2567 
B2674 
B2S83 
B2591 
B3674 
B8054 
B3100 
B3117 


B3136 

B2Q53 
B3210 

B28M 

B3067 

B3045 
B3048 

Ba625 

B2731 
B2796 

B3676 

B3082 
B3151 


B2633 
B3020 


Manufacturer  and  Trade  Name. 


Ilumphwyi  Qodwin  C#^  Mwnphis,  Tmiii. 
Daniflh  CoCtooseed  Meal 


Daniflh  CoUoDfleed  Meal. , 
Daniah  Cottonseed  Meal 
Daniah  Cottonaeed  Me«l 
Danish  Ckittonaeed  Meal. 
Danish  Cottooseed  Meal. 
Danish  Cottonseed  Meal 
Danish  Cottonseed  Meal. 
Danish  Cottonseed  Meal. . 
Danish  Cottonseed  Meal. 


Dixie  Bimnd  Cottonseed  Meal. 


Intsnttta  Feed  Aaeeditien.  Delrait,  Mich. 

Superior  Brand  Cottonseed  Meal 

Superior  Brand  Cottonseed  Meal 


NatiemI  Feed  Co.  St^  Louta^  Mo. 
Cottonseed  Meal 


W.  C.  NertlMnv  Little  Reek,  Arte. 
Butterfly  Meal 


Standard  Brand  CottooMed  Meal. . 
Standard  Bimnd  Cottonseed  Meal. . 


Waoner  White  Co,  Inc.,  Jaeksoiv  MMi. 
Wawco  Brand  Cottonseed  Meld 


Waweo  Bimnd  Cottonseed  Meal . 
Waweo  Brand  CottoMeed  Meal . 


E.  L.  Wellineiv  Orwid  Itaplda^  MIeh. 

Feeders  F^vorito  Cottonseed  Meal 


Feeders  FVivorito  Cottonseed  Meal. 
Feeders  Favorite  Cottonseed  Meal. 


COTTONSEED  FEED. 
Amerleen  CettMi  Oil  Ce,  Nmv  Yerig  N.  Y. 

Cohunbb  Cottonseed  Feed 

Cohimbia  Cottonseed  Feed 


Sampled  at 


Grand  Rapids.... fC* 
\F* 

Offandville 

Muslcegon 

Sparta 

Zealand 

Forrest  Grove , 

Fennville , 

Grand  Rapids 

Conldin 

Petoalcey 

ATOfige 

Fremont /G* 

\F.* 


Bay  City jQ* 

\F.* 
Eaton  Rapids 

Average 


Derereaux.. 


\F.* 


Grand  Rapids.... /G.* 

IF.» 

Cedar  Springs.... /G.* 

\F* 

ConwtockPark 

Average 

Marshall /G* 

\F.* 

Mason 

Mt.  Clemens 

Average 

Fennville jQ* 

\F.* 

Cadillae 

Coopersvilie 

Average 

Kalamaaoo /G.* 

\F.* 
ReedClty 

Avirate 


8.0 
7.6 
7.9 
8.2 
7.9 
7.9 
8.7 
8.6 
8.0 
7.6 


8.0 


8.4 


8.4 
9.4 


8.9 


9.2 


8.5 


8.2 
9.3 


7.4 
7.6 
7.6 


7.5 


8.3 
8.1 
8.7 


36.0 
36.4 
35.8 
34.7 
37.5 
36.2 
37.0 
34.6 
38.0 
37.6 
36.1 


36.7 


41.0 
42.7 


38.6 
39.4 


8.4 


8.6 
9.8 


9.S 


39.1 


38.5 
40.2 


38.6 
38.7 

36.0 
37.0 
35.0 


I 


5.0 
6.9 
5.7 
6.3 
7.0 
6.3 
6.6 
5.8 
6.4 
5.9 
6.1 


15.0 
14.5 
15.7 
13.6 
12.7 
13.9 
12.9 
15.0 
12.2 
13.7 
14.6 


6.3 


5.5 
7.6 


6.0 
7.3 
7.5 


13.9 


10.0 
9.2 


12.0 
10.2 
11.0 


7.4     10.6 


36.0 


36.0 
37.4 
31.7 
36.9 


35.3 


38.6 
41.4 
36.5 

37.2 


38.4 


20.5 
23.8 
19.7 


S1.8 


6.5 
7.5 


6.0 
6.1 

5.0 
5.8 
5.7 


14.0 
9.7 


12.0 
10.6 

12.0 
14.2 
15.5 


5.8 


5.0 
6.4 
5.9 
7.6 


14.9 


22.0 
13.1 
16.3 
11.6 


6.6 


6.0 
7.4 
6.1 
8.1 


13.7 


12.0 
10.5 
12.7 
13.5 


7.4 


3.0 
4.8 
8.4 


12.2 


25.0 
22.9 
24.0 


S.9 


28.5 


ii 


$54  00 

56  00 
55  00 
58  00 

57  00 
55  00 
57  00 
60  00 
55  00 
62  00 


157  00 


325 
3  00 


160  00 


60  00 
57  00 


$3  75 
2  70 


150  00 
60  00 
57  00 


$50  00 
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I 

Laboratory 
number. 

Manfacturcr  and  Track  Name. 

Sampled  at 

Benton  Harbor.     fG.* 

\F.* 
UkcOdesra 

9.2 

7.8 
8.9 

o* 

i 

36.0 
36.2 
35.6 
35.8 

1 

1 

1 

B2692 

.  S.  P.  Davia^  LHtl«  RMk,  Ark. 

6.0 
6.4 
5.9 
6.0 

14.0 
12.2 
13.3 
13.6 

B3010 

Beauty  Brand  Cottonseed  Feed 

$60  00 

B  3244 

Beauty  Brand  Cottonseed  Feed 

Flint  .   . 

No.  77  Cottonseed  Feed 

Average. ...   

8.5 
8.0 

35.9 

20.0 
20.2 
21.1 

6.1 

4.0 
3.2 
3.2 

13.0 

28.0 
26.4 
25.7 

B3(U>3 

Grand  Rapids  . 
Conklin 

\F.* 

B3009 

No.  77  Cottonseed  Feed 

150  00 
40  00 

TennMtee  Fibre  Co.,  Memphis  Tim. 

Average    . 

8.4 
\0A 

io^o 

9.2 
9.0 
9.7 
9.1 
9  0 
8.4 
10.5 

30.7 

20.0 
19.0 

84.0 
34.3 
380 
36.6 
34  7 
36.5 
38.4 
36.8 
33.9 

3.2 

4.0 
3.7 

5.0 
5.4 
6.0 
6.1 
5.4 
6.1 
6  5 
6.2 
5.2 

26.1 

25.0 
22.2 

8.0 
8.2 
7.4 
7.8 
8.5 
7.3 
7.2 
7.7 
8.1 

B3260 

Jackson 

Grand  Rapids 
Mitfkegon 

.fG* 

\F* 

\F.* 

B2M9 

LINSEED  MflAJ.. 
0.  P.  Linseed  Oil  Meal    

12  25 

B25e5 

0.  P.  Linseed  Oil  Meal  

60  00 
66  00 

3  2850 

0.  P.  Linseed  Oil  Meal 

Battle  Creek 

63  00 

B2715 

0.  P.  Linseed  Oil  Meal 

Hudson 

3  30 

B2787 

0.  P.  Linseed  Oil  Meal 

Ann  Arbor 

3  15 

B2883 

0.  P.  Linseed  Oil  Meal 

ImlayCity 

3  00 

B3929 

0.  P.  Linseed  Oil  McaI 

Momce 

3  25 

B  2962 

0.  P.  Linseed  Oil  Meal        

Sagiraw 

American  MHlim  Ce^  Peoria.  111. 

.\nico  0.  P.  Linseed  Meal       

Average 

9.4 

102 
10.3 
10.0 
10.1 

9  4 
10.^ 

9.3 
10.5 

95 
10.7 
10.0 

36.2 

30.0 
26.4 
28.4 
27.7 
309 
28.6 
31.9 
32.1 
32.8 
31  9 
308 
31.1 

5.9 

5.0 
6.4 
6.0 
6.2 
7.4 
6.7 
7.4 
6.8 
6.3 
6.2 
6.4 
6.4 

7.8 

10.0 
10.0 
10.0 
10.0 
9.4 
9.8 
8.9 
9.3 
3.7 
8.8 
9.0 
10.5 

B  1901 

Morenci 

Adrian 

G* 

B2515 

Amco  0.  P.  Linseed  Meal 

$58  00 
64  00 

B2711 

Amco  0.  P.  Linseed  Meal 

59  00 

Amco  0.  P.  Unseed  Meal 

Amco  0.  P.  Linseed  Meal 

Saginaw 

3  25 

B2947 

Bay  City 

3  00 

B  2961 

Amco  0.  P.  Linseed  Meal 

Amco  0.  P.  Unseed  Meal    

Saginaw 

B3005 

70  00 

B  3022 

Amco  0.  P.  Linseed  Meal              

Clare      

65  00 

B3047 

Amco  0.  P.  Unseed  Meal  

Cedar  Springs 

Grand  Rapids.     . 

65  00 

B  3081 

Amco  0  P.  Linseed  Meal 

64  00 

B  3137 

Amco  0.  P.  Unseed  Meal 

Old  Process  Ground  OilCake  Meal 

Fremont 

63  00 

Average 

10.1 
"9".i 

i6;2' 

9.3 

30.2 

33  0 
36  I 

25.0 
28.2 
31.1 

6.5 

6  0 

6.7 

6.0 
7.7 
7.5 

9.0 

100 

8.4 

12.0 
9.5 
9.4 

B2903 

AJbion 

Detroit 

Royal  Oak 

.'G.* 

IF.* 

.fG.* 
\F.* 

B  1908 

Illlnolt. 
0  P  Laxo  Cake  Meal             

$3  20 

B3233 

0  P  Iaio  Cake  Meal             

3  00 
3  15 

0.  P.  Oil  Meal       

Average  .... 

9.8 
i2;9* 

29.7 

32.0 
37.6 

7.6 

6.0 

7.4 

9.5 

10.0 
6.6 

B268A 

Hartford 

\F.* 

$65  00 
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B2484 

B2626 
B2542 
B2584 
B2593 
B2670 
B2673 
B2677 
B2730 
B3084 


B1924 

B  1947 
B1985 
B3011 


B2630 
B2693 


B2598 


B  3247 


B  2612 

B274I 
B2868 
B3149 


B  1883 

B  1955 
B  1958 
B2619 
B2681 
B2700 
B2775 
B2945 


Manufacturer  and  Trade  Name. 


O.P. 

O.P. 
O.P. 
O.P. 
O.P. 
O.P. 
O.P. 
O.P. 
O.P. 
O.P. 


t  &  B«sl«y  Unseed  Co.,  Chicago, 

Linseed  Cake  Meal 

L'pnecd  rpke  Meal 

L'.gecd  Cake  Meal 

L'rsecd  Cake  Meal 

Lirseed  Cake  Meal 

Linseed  Cake  Meal 

Lirseed  Cake  Meal 

Lir««eed  Cake  Meal 

Lirseed  Cake  Meal 

Linseed  Cake  Meal 


Metzger  Seed  4  Oil  Co..  Toledo.  Ohio. 

O.P.OilMcal 

O.P.OilMeal 

O.P.OilMeal 

0  P  Oil  Meal 


Midland  Linseed  Products  Cr^  Mhmeapoils, 
Minn. 


0.  P.  Ground  Linseed  Cake. 
0.  P.  Ground  Linseed  Cake 


Mllwaulcee  Linseed  Oil  Worics,  Milwaukee. 
Wis. 

0.  P.  Ground  Linseed  Cake 

Sherwln-Willianis  Co.,  Cleve'and.  Ohto. 

S.  W.  C.  Linseed  Oil  Meal 

Spencer-Keik>gg  Co..Hnc..  Buffalo,  N.  Y. 

Pure  0.  P.  Oil  Meal 

Pure  O.  P.  Oil  Meal 

Pure  O.  P.  Oil  Meal    

Pure  0.  P.  Oil  Meal 


Toledo  Seed  4  Oil  Co..  Toledo,  Ohio, 

Major  Brand  0.  P.  Oil  Meal 

Major  Brand  0.  P.  Oil  Meal 

Major  Brand  0.  P.  Oil  Meal 

Major  Brand  0.  P.  Oil  Meal 

Major  Brand  O.  P.  Oil  Meal  

Major  Brand  O.  P.  Oil  Meal 

Major  Brand  0.  P.  Oil  Meal 

Major  Brand  0.  P.  Oil  Meal 


Sampled  at 


Grand  Rapids 


Zecland 

Holland 

Vrieslard 

Forrest  Grove. 

Jamestown 

Jamestown 

Fenoville 

Mason 

Grand  Rapids. 


.  fG.* 

\F.* 


9  8 
9  4 
9  2 
8  4 
8  3 
10  0 
8  5 

8  0 

9  4 
9  0 


Average 9.1 


Detroit  T,* 

\F* 

Detroit 

Blirafield 

LekeOdesea 


Average. . 


Kalamasoo .fG.* 

\F.* 
Benton  Harbor 

Average 


Holland . 


.\drian . . 


fG.-* 

\F* 


.F* 


Molire 'G.* 

';f.* 

liCPlie 

Jackson  

Berlin 

Average .• . . . 


Detroit     .. 

Detroit     . . 
Detroit 
Plainwell.  . 
Bangor 
Greenville 
Lansing  . . . 
Gladwin    . 


;f.* 


30  0 

in  0 

34.8 

8.8 

35  1 

9.3 

36  7 

9  3 

38.4 

9.4 


10  2 
9  0 


10.1 


9.3 


10.0 


9  4 
8  5 
8  9 
10  1 
10  8 
10  0 
8  8 
10.9 


34  0 
30.8 
36  3 
36  3 
38  1 
36  3 
38  1 
36  1 
36  5 
34  5 
34  8 

:»  8 


36  3 


32  0 
34.8 
38  2 


.\verage 


9.8 


36.5 


32  0 
33.9 


33  0 
37.1 


33.0 
37  2 
32  8 
37  6 
37  3 

36  2 


30  0 
33  1 
33.3 

33  5 

34  8 
33  6 

33  5 

35  4 
37  0 

34  3 


6  0 
6  5 
6  9 

5  6 

6  3 
6  1 

5  9 

6  7 
6  8 
6  1 
6  5 


5  0 
7  I 
5.1 
7.4 

6  3 

6.5 


5  0 

6  3 
6  8 


5  0 

7.4 


6.0 
6  6 


5.0 
5  8 

5  8 

6  5 
6  4 


5.0 
6  5 
6  4 
6  3 

5  9 

6  2 
6.0 
6  2 
5  9 


2 


90 
8.9 
8  0 
8  6 
7.9 
84 
74 
7.1 
7.6 
7.8 
10.6 

8.3 


10  0 

7  7 
7.7 
7.7 
76 

7  7 


9  0 
8  1 
7  6 

7.9 


10.0 

7.( 


8  0 
9.0 


10  0 
7.6 
8  5 
75 
7  3 

7.7 


10  0 
9 

8,8 
8  2 
8  2 

7  9 

8  3 
7  6 

7  4 

8  2 


It 


$60  00 
63  00 
60  00 
62  00 
60  00 
60  00 
60  00 
65  00 
3  50 
60  00 


$3  00 
57  Of) 
60  00 


$66  00 
70  00 


$60  00 


$3  05 


$63  00 

3  50 

3  10 

'  65  00 


$2  95 
3  00 

2  90 
65  00 
70  00 
60  00 

3  50 
3  50 
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I- 


B2801 


B2894 
B3245 


B3303 


B2726 
B2863 


B2546 

B2867 
B3085 
B3142 


B2746 


B28tf9 
B3102 


B25K5 

B2654 
B27I6 
B2802 


B  1941 


B2789 
B2792 


Manfacturor  and  Trade  Name. 


DISTILLERS'  DRIED  GRAINS. 

Chiefly  from  Corn. 
ContinenttI  Cereal  Co.,  Peoria.  III. 

Continental  Gluten  Feed 

Continental  Gluten  Feed 

Continental  Ghitcn  Feed    

The  Dewey  Broe.  Co.,  Blanchester.  Ohio. 

Eagle  3  D  Grains 

YEAST  AND  VINEGAR  DRIED  C.RAINS. 
J.  E.  BartleCt  Co.,  JKkson,  Mich 

Bartleit's  \falt  By-Product 

Bartlett'8  Malt  By-Product 

The  neiechmann  Co.,  Chicago,  III. 

Fleischmann's  Dried  Grains 

Fleischmann's  Dried  Grains 

Fleischmann's  Dried  Grains 

Fleischmann's  Dried  Grains 

Fleischmann's  Dried  Malt  Grains 

Fleischmann's  Dried  Malt  Grains 

Fleischmann's  Dried  Malt  Grains 

KelloQQ  Toasted  Corn  Flalce  Co.,  Battle  Creole. 
Mich. 

Dried  Brewers  Grains 

Dried  Brewers  Grains 

Dried  Brewers  Grains 

Dried  Brewers  Grains 

DRIED  BREWERS'  GRAINS. 
K.  &  E.  Neumond,  St.  Louis,  Mo. 

Goldnes  Kalb  Dried  Brewers  Grains 

CORN  GLUTEN  FEED. 
American  Maixe  Produett  Co.,  New  York,  N.  Y. 

Cream  of  Corn  Glut«n  Feed 

Cream  of  Corn  Gluten  Feed 


Sample--^  at 


Monroe 'G* 

;f.* 

Ypeilanti 

Flint 

Average 


Leslie. 


...fG.* 

IF.* 


North  .\dam8..../G* 

\F.* 
Jackson 

Average 

Nuniea /G.* 

\F.* 

Jaclcson 

Grand  Rapids 

Grand  Rapids 

Average  

Leslie G* 

\F* 

Jaclcson 

Coopersvillc 

Average 

Vricshind /G* 

;f.* 

Battle  Creek 

Hudson 

Monroe 

.\veragc 

Detroit 'G* 

F* 


Ann  Arbor . . 
Ann  Arbor. . 


'G* 

If.* 


7  2 
6.1 
7  6 


29.3 


7.1 


7.0 


8.1 
6  7 
8.0 

7.7 

7.6 


5  0 
5  4 


5.5 


8.4 

5  6 

6  7 
8.8 


7.0 


100 
9.7 


Average I    9.9 


29  0 
34.3 
36  9 
32  0 

34  4 


30  0 
10  1 


18  0 

20  8 

21  1 


21.1 


19.0 
17.3 
18.2 
17.9 

>18  4 


18.0 

22  0 
21.8 
22.4 
21  6 


23.6 


25  1 
31.2 
29  4 
25  2 
81.9 

31  9 


24  0 
24.3 


23  0 
25.0 

24  5 


10  0 
10.3 
15.8 
10  7 


12.3 


10.0 
10.1 


5  0 
7.6 
5.2 


6.4 


7  0 
6.1 
6.4 
5.0 
6.1 

5.9 

7.0 
9  4 
8.8 
9.5 


5  0 

4.8 
5.8 
5  4 
5  5 

5.4 


6  0 
5.1 


S 


10.0 


8.9 
9  4 


13  0 
17.5 


14  0 
16.2 
11  0 


15  ,     6.1 


19  0 
18.8 
18.0 
18.0 
18  4 

18.3 

17.0 
15.1 
16  4 
15.5 

15.7 


12  7 
11  3 
12.1 
10.7 


11.5 


13  0 
15.2 


6  2 
6.0 


$3  25 


"'2  25 

$52  00 

2  50 

53  00 

$2  .V) 

2  .70 

4S  00 

'$,5000 

45  00 

2  50 



$2  65 
53  00 
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Si 


B27I2 


B  1920 

B1945 
B1004 
B2476 
B2765 
B2777 


B2567 
B2704 


B2892 


B2830 


B2838 
B2857 


B2773 


B3237 
B3239 


B3230 


B1951 

B1078 
B2475 
B2559 


MftDU&eturer  and  Trade  Name. 


ClinlMi  Suftf  Reliniiif  Co.,  CNnton,  Iowa. 

Clinton  Corn  Gluten  Feed 


Cwn  Produeta  Raffnini  Co^  New  York,  N.  Y. 
Buffalo  Corn  Qhiten  Feed 


BdEalo  Com  Ghten  Feed. . 
Buffalo  Com  Ohiten  Feed . . 
Buffalo  Cora  Qhiten  Feed . . 
Buffalo  Com  Ghiten  Feed. . 
Buffalo  Corn  Ghiten  Feed. 


D«u|laa  Company,  Codar  RapMt.  la. 

Douglas  Corn  Gluten  Feed 

Douglas  Corn  Gluten  Feed 


J.  C.  Hiiblntor  Broa.  Co^  Kookuk.  la. 

KKK  Corn  Gluten  Feed 


Huron  Millini  Co.,  Harbor  Boodi.  Mich. 

Jenks  Corn  Gluten  Feed 


Jenks  Cora  Gluten  Feed 
Jenks  Cora  Gluten  Fcf  d 


CORN  GLVTKN  MEAL. 
Com  PvoQuota  Roiiiihi§  Co.,  Now  York,  N.  Y. 
Diamond  Cora  Gluten  Meal 


HOMINY  FEI-iDS. 
Bock  Coroal  Co..  DotroH,  MIeh. 

Royal  Hominy  Feed  Meal 

Royal  Hominy  Feed  Meal 


Evana  MHlhii  Co., 

Hominy  Feed 


IndlanapoUa,  Indiana. 


Oiat.  A.  Krauao  MiHkif  Co.,  Miwaukoo. 


ooMiHkif  ( 

fVMC0IMin< 


Badger  Hominy  Feed . . 

Badger  Hominy  Feed . . 
Badger  Hominy  Feed . . 
Badger  Hominy  Feed  . 


Sampled  at 


Adrian /G* 

If.* 


Detroit fG* 

\F.* 

Detroit, 

Morenri 

Grand  Rapids 

Lansing 

Lansing 


Average. 


Muskegon fG.J 

Adrian 

Average 


Ypeilantj. 


Bad  Axe 


St.  Huron 
arbor  Beach 


T.  * 

\F.* 


fG* 

\F.* 


Average. . 


Lamiing (G.* 


Detroit 

Detroit 

Average. 


\F* 


Birmingham fG.* 

\F.* 


Detroit fG. 


Clinton 

Grand  Rapids. 
Muskegon 


fG.* 
\F* 


Average. 


8.5 


9.7 
8.4 
9.5 
9.5 
12.6 
9.8 


9.8 


8.8 
8.9 


23.0 
26.0 


23.0 
25.0 
28.9 
28.0 
28.3 
25.7 
29.2 


90 


8.4 


•  6 


27.5 


23.0 
25.7 
20.3 


3.0 
2.4 


1.0 
3.2 
1.5 
1.4 
1.4 
1.3 
1.5 


I 

1^ 


20.5 


23.0 
22.1 


22.0 
25.2 
25.6 
25.4 


11  5 
13.1 


12.3 


10.6 


5.2 
10.8 
9.6 
9.2 


8.7 


25.4 


400 
44  1 


10.0 
10.4 
10.6 


1.7 


15 


2  4 
3.6 


3  0 
4.7 
4.2 
3.0 


10.5 


10.0 
10.0 


10.0 
11.3 
11.1 
11.4 
10.2 


11.0 


4  0 


10 
07 


6.0 
5.8 
6.9 


8.0 
7.0 


8.5 
7.7 
8! 
7.2 
7.4 
7.4 
6.7 


7.4 


8.0 
8.4 
6.6 


7  5 


75 
6  6 


8.0 
7.6 

7.4 
7.7 


6.4 


7.5 
6.8 


6.0 
6.6 
7.4 
7.5 
8.3 


7.7 


158  00 


2  75 
54  00 
57  00 
56  00 

3  25 
8  00 


7.6 


4.0 
12 


6.0 
4.3 
5.0 


$52  00 
58  00 


160  00 


3  00 

57  00 

2  95 


4.7 


7.0 

4.7 


5.0 
4.5 
.4.8 
5.6 
4.9 


13  10 


65  00 
62  00 
65  00 


5.0 
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1^ 


ManCMturer  and  Trade  Name. 


Sampled  at 


I 

I* 


B3257 


B2766 
BSIM 


B2880 

B2906 
B3907 

B2881 
BS138 


B1902 
BIMQ 


B2M1 
B2Q07 


B30I0 


B3469 


B2761 


OOkN  OIL  CAKE  MEAL. 

AnMricsn  lloinlny  Co.,  IndlMMipoHi^ 

Homeoline  Feed 

Cliiets*  Holilits  on  Mff.  Co.,  Chicof 

Heights  Corn  Oil  Oike  Meal 

Heigfats  Corn  Oil  Oike  Meal 

Cnmon  Suftf  Rofiniiif  Co.,  CNnloi^  Iowa. 

Clinton  Corn  Oil  Cake  Meal 

Corn  PiodMCtt  RofMni  Co.,  Now  Yoriu  H.  Y. 

Ar|o  Com  Oil  Cake  Meal 

Argo  Com  Oil  Cake  Meal 

Diamond  Hog  Meal 

Diamond  Hog  Meal 

CORN  FEED  MEAL. 
CommoroW  MRUnf  Co.,  Doirolt,  Mieb. 

Henkel's  Coaroe  Feed  Cora  Meal 

Henkel's  Coone  Feed  Cora  Meal 

IMMko  WUkor  MRUnf  Co.,  Union  dty.  Tonn. 

Daneo  Feed  Offal  from  White  Cora , 

Danoo  Feed  Offal  from  White  Cora 

Dtmh  MRUnf  Co,  Bl|  Rapiilt.  Mieb. 
Unbolted  Cora  Meal 

Kini  MHNni  Co,  Lowoll,  Mich. 
King  Cora  Meal 

CliM.  A.  Knuno  MRUnf  Co,  Mllwaiiko«k  Wio. 
Badger  Maiao  Reddog  Floor 


fG* 
\F* 


St.  Johns /G.* 

\F.* 
Holland 

Average 

Morend /G.* 

\F* 

CoDotantfaie fG.* 

IF.* 
CfMwtantine 

Average 

Adrian /G.* 

\F.* 
FVemont 

Average 

Detroit /G.* 

IF.* 
Detroit 

Average 

Allegan fO.* 

Alegan 

Average 

Big  Rapids /G.* 

\F.* 

CoopersviUe /G.* 

\F.* 

St.  Johns to* 

\F.* 


0.4 


10.6 
13.2 


11.9 


8.9 


9.3 
10.7 


10.0 


9.7 
8.9 


9.3 


10.8 
11.8 


11.8 


10.2 
10.8 


10.6 


13.8 


12.4 


11.2 


17.0 
17.0 


18.0 
28.7 
16.9 


5.0 
7.6 


8.0 
7.0 
7.8 


7.0 

4.7 


10.0 
8.4 
7.0 


20.3 


20.0 
19.8 


18.0 
19.6 
19.1 


7.4 


7.7 
10.4 


7.0 
11.4 
8.9 


7.7 


12.0 
8.2 


IS.O 
10.0 
9.1 


19.3 

18.0 
20.6 
16.7 


10.2 

7.0 
9.2 
11.7 


9.6 

13.0 
9.4 
10.9 


18.7 


8.5 
11.8 
10.4 


10.6 


6.1 

6.9 


10.2 


2.0 
2.9 
2.7 


11.1 


10.0 
9.6 
10.4 


6.0 


7.0 
6.6 
6.3 


2.8 


6.0 
7.0 
7.2 


10.0 


10.2 
9.1 


9.6 
9.7 


10.5 
11.9 


6.5 


4.6 
4.4 


7.3 
6.3 


2.0 
8.8 


7.1 


3.2 
2.5 


3.6 
4.2 


2.0 
2.4 


13  00 


166  00 


350 
325 


666  00 


170  00 
8  75 


180  00 


78  ( 


325 
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!i 

Manfacturer  and  Trade  Name. 

Sampled  at 

1 

a 

i 

i 

1 

1 

B3232 

Urrowe  Milling  Co..  Detroit,  Mich. 

Corn  Feed  Meal  

• 

Birmingham 

Tocumseh 

IF.* 

'i6!7 

14.0 

9.0 
10.0 
8.8 

5.0 
6.2 
5.0 

6.0 
4.8 
4.3 

B3277 

Corn  Feed  Meal 

S3  10 
70  00 

David  Stott  Flour  Mill  Co.,  Dotroft.  Mich. 

Yellow  Corn  Food  Meal 

Average - 

12.4 

i2!5 

"l2A 
U.6 

11  5 

12.9 

9.4 

10.0. 
9.6 

9J 
10.1 
9.6 

9.8 

9.6 

-5.6 

6  0 
5.2 

4.5 

4.7 
6.8 

6.6 

5.6 

4.6 

5.0 

4.8 

3.0 
3.1 
3.5 

28 

3.1 

B33i5 

Detroit 

Grand  Rapids. . 
Grand  Rapids  . 

./G.* 

IF.* 

./G.* 
IF.* 

B2504 
B  2520 

Valley  City  MilUng  Co.,  Grand  Rftpids,  Mkh. 

Rowera  Coarse  Mcaj  with  ground  screenings  not 

excccdipg  mill  run. 
Rowena  Coarse  Meal  with  ground  screenings  not 

exceeding  mill  run. 
Rowena  Coarse  Meal  with  ground  screenirgs  not 

exceeding  mill  run. 
Rowena  Coarse  Meal  with  ground  screenings  not 

exceeding  mill  run. 

WatMin  Higglne  MilllM  Co..  Grand  Rapids. 
Mich. 

Com  Feed  Offal 

S3  90 

"so  66 

82  00 

B25e2 

Forrest  Grove 

82  00 

Grand  Rapidi 

74  00 

Average 

12.0 

no 

12.3 

9.8 

10.6 
10.6 
10.7 

5.4 

8.0 
8.4 
4.6 

3.1 

7.0 
6.3 

4.8 

B3U1 

Grand  Rapidfl.. 
HudsoDTille    .. 

./G.* 

(f.* 

B3I47 

Com  Feed  Offal                                      

$60  66 

ANIMAL  BY-PRODUCTS. 
Dariing  4  Comptny,  Chicago.  Illinois. 

Darling's  00%  Digester  Taiiitage       

Average 

11.7 

'9.9 
9.7 

10.7 

60.0 
61.3 
70.0 

6.6 

0.6 
0.7 
2.0 

5.8 

3.0 
3.0 
4.2 

B2726 

North  Adams.. 
Galesburg 

IF.* 

B3297 

Darling  s  60^^  Digester  Tarlcagc    

$4  75 

5  50 

Darling  s  40%  Feeding  Tankage 

Average.. 

9.8 

"iois" 

Y.l 
6.7 

65.7 

40.0 
46.6 

20.0 
26.1 
24.4 

1.4 

0.5 
1.1 

0.5 
1.4 
4.7 

3.6 

6.0 
6.0 

3.0 
1.3 
1.6 

B  3296 

Galesburg 

Jackson 

Pontiac 

\F.* 

(f.* 

B  2866 

Granulated  Bone  lor  Poultry       

$4  50 

B  3201 

Granubted  Bone  for  Poultry      

4  50 
4  25 

Darling  8  50' ;  Meat  Scrape 

Average 

6.9 

8!3 
8.7 
8.4 
9.1 
9.1 
7.9 
11.3 

25  3 

50.0 
54.4 
54.9 
63.4 
67.4 
62  6 
54.2 
56.1 

3.2 

0  5 
7.0 
6.9 
6.6 
6.3 
7.4 
8.0 
1.4 

15 

3.0 
3.7 
4.3 
3.3 
3.7 
3.3 
3.4 
3.3 

B  1878 

Detroit 

Detroit 

.iG.* 
IF.* 

B  1927 

DariinB  s  60*  J  Meat  Scrape 

14  35 

4  00 

B  2612 

Darling's  60'  r  Meat  Scrape 

Grand  Rapids 

Holland 

6  00 

B2605 

Darling's  50'^  Meat  Scrape 

95  00 

B  2680 

Darling's  60'7  Meat  Scrape 

Bangor 

lOO  00 

B3067 

Darling's  50'1  Meat  Scrape 

Zeeland 

5  75 

B  3328 

Darling's  50' ;  Meat  Scrape 

Morenci 

5  50 

Darling's  Standard  Meat  Scrape 

Average 

9.0 
"9.'S 

64.7 

46.0 
54.1 

6.2 

0.5 
5.3 

3.6 

3.0 
4.6 

B2747 

St.  Johns 

IF.* 

$5  00 
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ll 

MRnufncturer  and  Tnule  Name. 

Harapled  at 

1 

(3 

1 

1 

S 
1* 

B  3006 

Hartimn  Tankage  Works,  Grand  RapMs,  Mich. 

Hartman  Tankage 

Grand  Rapids.. 

Detroit 

St.  Johns 

Blissfield 

.Adrian 

.AG* 

\F.* 

IF.* 
../G.* 

"s.s 
"b.s 
"i'a 
"i'.s 

8.6 
7.3 

48.0 
48.8 

45.0 
50.0 

60.0 
59.1 

60.0 
61.2 
66.0 
62.5 

2.5 
10.3 

10.0 
10.2 

7.0 
8.2 

6.0 
0.6 
4.6 

6.8 

1.0 
2.1 

B1928 

Millenbaeh  Bros.,  Detroft.  Mteh. 

Millenbach's  Mixed  Beef  Scraps 

$90  00 

B2754 

Morris  &  Company.  Chlcaflo,  III. 

Big  Brand  Digester  Tankage * 

2.3 

5.0 
3.3 

3.0 
1.7 
1.6 
2.1 

4  00 

B  1084 

Swift  &  Company.  Chteaflo,  Hi. 

Digfflter  Tankng«      ' 

5  00 

B  2710 

Pigentflr  Tankage 

5  00 

B3203 

Digests  IVtokage 

Pontiac 

5  00 

Meat  Scrape 

Average 

7.9 

*7!6* 
6.0 
6.6 
7.3 

62.9 

50.0 
52.8 
53.7 
60.6 
54.9 

4.0 

8.0 
9.5 
9.6 
9.6 
10.0 

1.8 

3.0 
3.6 
2.6 
2.6 
2.6 

B2409 

Grand  Rapids.. 
Adrian 

IF.* 

B2709 

Meat  Sciape 

$9S  00 
5  00 

B27d3 

Meat  Scraps 

Lansing 

.■)  00 

B3202 

Meat  Scraps 

Pontiac 

5  00 

Poultry  Bone  Meal 

Average 

6.7 

'■6'9' 
8.4 

53.0 

25.0 
17.6 
25.2 

9.7 

2.0 
5.0 
1.6 

2.8 

3.0 
1.3 
0.7 

B  1927 

Detroit 

Pontiac 

.AG* 

(f.* 

B3205 

Poultry  Bone  Meal 

2  25 
4  25 

Soluble  Blood  Flour 

Average.. 

7.7 
■9'.6' 

■■7!7* 

"'8!9' 
8.6 

21.4 

80.0 
83.5 

44.9 
52.8 

12.0 
13.4 
15.9 

3.2 
"UA 

7.7 
12.7 

*'i!3' 
2.2 

1.0 

3.0 
1.0 

1.4 
4.6 

35.0 
29.1 
28.6 

B2713 

Adrian 

Coldwater 

Detroit 

B3218 

S.  1.  Treat  4  Son.  CoMwater.  Mieh. 
Old  Hoss  Brand  Tankage 

$7  00 

B  1922 

ALFALFA  MEAL. 
American  Milling  Co..  Peoria.  III. 
Alfalfa  Meal : 

70  00 

B3231 

Alfalfa  Meal 

'    'i'.ob 

Denver  Alfalfa  Miliina  &  Products  Co.,  Hartman. 

Alfalfa  Meal      

Average.. . . , 

8.8 
'■9"2' 

"k.z 

8.9 
9.7 

14.7 

12.0 
15.0 

16.3 
14.6 
16.3 
16.8 

1.8 

1.5 
1.2 

1.5 
1.6 
1.5 
1.9 

28.9 

35.0 
30.6 

29.2 
29.2 
29.2 
21.3 

B3325 

Detroit 

Grand  Rapids . . 

Grand  Rapids.. 
Grand  Rapids.. 

Average .... 

.AG* 
[¥* 

..jG* 

B2479 

Henderson  Milling  Co.,  Grand  Rapids,  Mich. 

Alfalia  Meal 

12  40 

B2493 

Alialfa  Meal 

39  00 
45  00 

B3079 

Alfalia  Meal        

45  00 

9.0 

15.9 

1.7 

26.6 

♦Abbreviations  for  Guaranteed  and  Found. 
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Man&eturer  anu  Trade  Name. 


Sampled  at 


! 


I 

ii 

2* 


B2470 

B3079 
B2772. 
3  9053, 


GhM.  A.  KnuiM  MMIni  Co.,  MiwMikM.  Wit. 

AhalfaMod 

Al&l&Meia 

AUal&Med 

AlfelfaMeal 


FeonTiDe 

Laoting. 

QnodRapidi 

Avcnsa. 


8.8 
9.4 
8.0 
0.1 


14.0 
14.0 
16.8 
15.0 
lO.S 


1.0 
1.0 
1.0 
1.3 
1.4 


80.0 
30.8 
30.8 
38.1 
38.0 


044  00 
350 


8.7 


15.0 


1.5 


38.0 


^Abbreviations  for  Guaranteed  and  Pound. 
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I 


1 

s 


I 


I 


I 

11 


II 

•Si 


fill  p 


ii 

MM 
I! 


1^ 


III 


% 

88S 

•        1 

8 
.•0 

•0 

•joqgapmo 

coco 

00  V 

w 
b- 

OiO 

o«o 

009 

Ot- 
to 1^ 

ooet^^ 

00 

•;«J9pM0 

■^00»-J 

o 

Oeo 
tdto 

OCk 
(0«0 

o««o 

oov:« 

•C 

•ui9»ojd  apniQ 

St: 

00(0  00 

04 

o» 
SS5 

1^ 

©0 

o«oa» 

to- 

• 

•Wl^TOW 

is 

jo 

c 

joo 

is 

e» 

•0 

.'e«<o 
jooto 
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$ 

ill 


s    !:; 


lia 


assS 

I 


S^  s 


{2    5 


SS   S      ssts 


SS   s 


oeci^      e«i 


eeo     o» 


O'^'O     «  <ooeo 


oeoec      »o 


OO        00 
tOtO       »o 


o«t>.      t>.  C^'^C 

to  >o  lO      »o  «o  >o  d 


or*     t- 


>ooo     o» 


O  »^  00      «o  o  c 


oeo«      *-< 


cooo      o  «o^ 


OO       t- 


S  §  I 


a 
s 


I 


i 


r 
? 


I  -s  -g  -g 

{>  o  a>  o 

^  [&i  Pfcl  bH 

.  ^  8=  g" 

<  w  w  a 

I  I  I  I 

^  &  &  & 


•S  o  o  o 

=  u)  ,^  te 

«  (S^  £  (£^ 

<i<  c9  rt  « 

1  I  £  I 


I 


'^         fa  fa 


t'.  ^  t>. 

o»  <o  o 

^  CS|  CO 

PQ  n  PQ 


S 


g     g     5 
^     ^     i 

PQ    n    pQ 


PQAPQ 


S    5    f2 
S^    ^    S 

PQ     PQ     PQ 


CO 

OQ 
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I 

i 

a 

£ 


11 H  H 

2^    a  I    i  I  ■- 

l*»  el  |l| 


&   -s       & 


••3   f  J 


.1 


!aa 


■s 
6 


11 


II 

"Si 

Pi 

1lf» 


fiiO  JO 

ao)  13d  001^  j 


8    8 

2  s 


88 


S8    88 


8   8 
S    3 


•jaqg  opoio 


ooo     esi 


<D'^ao     (oeo 


c«     or«oe^l 
CO     o>«^esi 


o 

fa 

fa 
P 
H 

CO 

g 

Q 
H 
H 
fa 

I 

CO 
QQ 

S 


•;«j  9piU0 


'Q  (l)Ojd  OpiUQ 


o«o     at 


QOACD 


O^r^        ,-100 


S    S28S 


•OO       !>• 


OK       V 


'Mtq^foyi 


.<«      CO  -^ 


•  OtOOOO 


iQe<4     iow) 

0»l>^       COQO 


I 


♦.♦. 

Ob 


•3 


».♦ 

Ota 


I 

a 


II IJ 


■|  i 


I 

I 


i 

ll  I  i 

o     »        »  » 

^  n      n  n 

|i  I  I 

*  I  I  I 

ill 

a»          "t?  a> 

ec       (s  !c 
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S| 

M»aufiacturcr  and  Trade  Name. 

Sampled  at 

1 

1 

s 

1 
J 

1 

r 

1 

i 

1 

■t 

WHEAT  BRAN. 

B29M 

Wheat  Bran  with  ground  screenings  not  exceeding 
mill  nm 

Pontiac 

..\F.* 

ii  6 

14.5 
15  6 

4.0 
4  2 

9.5 
9  1 

""2"25 

J.  P.  Burroughs  &  Son,  nint,  MMi. 

B2927 

Choice  Winter  Wheat  Bran  ground  screenings  not 
exceeding  mill  run. 

Perry 

Clio,    

/G.* 
•  IF.* 

ioi' 

11.7 

12.6 
14.4 

14.6 

8.0 
4.0 

3.8 

10.5 
10.5 

9.4 

*    2  25 
40  00 

B2975 

Choice  Winter  Wheat  Bran  ground  screenings  not 
exceeding  mill  nin.  ...                       

Average. . . .r 

11.0 

14.6 

3  9 

10  0 

B3028 

C.  V.  Bran  with  ground  screenings  not  exceeding 
mill  run 

Reed  City 

/G.* 

•-(f.* 

li  4 

16.0 
16  3 

4.0 
6  4 

14.6 
9  6 

"iw'oo 

Qoorgo  C.  Christian.  Minn«uioiis.  Minn. 

6  1889 

Jersey  Wheat  Bran  ground  screenings  not  exeee  d- 
ing  mill  run , , 

Detroit 

/G.* 

.\F.* 

ii  4 

13.0 
16.1 

4.0 
6  1 

13.0 
10  7 

B2914 

Bran,  ground  screenings  not  exceeding  mill  run. . . 

Coldwater 

io.i* 

14.0 
14.6 

3.0 
4.3 

8.0 
9.3 

B2815 

E.  A.  Co.  Wheat  Bran  ground  screenings  not  ex- 
ceeding *P>Unin-                                   tt 

Gladwin    

.{'f:: 

■'9'.i 

11.6 

14.0 
16.7 

17.0 

3.0 
6.3 

4.9 

12.0 
10.7 

9.4 

40  66 

B2944 

K  A.  Co.  Wheat  Bran  ground  screenings  not  ex- 
ceeding mill  run 

45  00 

J<  Halo  «  Sons  lonia«  Mton* 

Average 

10.4 

16.9 

6.1 

10.2 

.B2405 

Fbke  Bran  ground  screenings  not  exceeding  mill 
run 

Grand  Rapids. . . 
Jackson 

/G.* 
.  F.* 

10.5 

14.0 
14.4 

14.4 

3.5 
3.8 

3.8 

J:? 

8.5 

$46  66 

B2862 

Flake  Bran  ground  screenings  not  exceeding  mill 
run.  

45  00 

Average 

10.9 

14.4 

3.8 

8.8 

B2855 

Wheat  Bran  ground  screenings  not  exceeding  mill 
run. 

Harbor  Beach.. 

jG* 

'*9!3 

14.0 
16.0 

4.0 
6.3 

12.0 
9.8 

$46  66 

Kan. 

Wheat  Bran  and  screenings 

B3164 

Muskegon  Hto. . 
HoUand 

.\F.* 

•If.* 

ii.7' 

14.6 
16.9 

8.6 
4.1 

11.0 
10.0 

50  66 

B2600 

Nationol  Food  Co..  St.  Uuit.  Mo. 

Wheat  Bran  with  screenings  not  exceeding  millrun . 

''9!7' 

14.6 
14.9 

4.0 
4.1 

10.0 
10.3 

*"45'66 

nitobury  Flour  Mills  Co..  Minnoapolis,  Minn. 

B2694 

Durum  Wheat  Bran  with  ground  screenings  not 
exceeding  mill  run, 

St.  Joseph 

Detroit 

Nunica 

/G.* 

•IF.* 
/G.* 
.\F.* 

■■9!2' 
"i'A 
11.0 

11.0 
13.9 
13.0 
13.9 

\h  4 

4.0 
5.6 
4.0 

5.8 

5.5 

14.0 
14.8 
13.0 
14.9 

11.1 

BI879 

Pillsbury  s  Wheat  Bran  ground  screenings  not  ex- 
ceeding mill  run 

30  66 

B2547 

Pillsbury  s  Wheat  Bran  ground  screenings  n  0 1  ex- 
c^'fding  ipill  run . .     

42  00 

Average 

10.2      14.7 

5.7 

13.0 

1 

•Abbrevlofious  for  Guaranteed  and  Found. 
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870 


II 

Manufacturer  and  Trade  Name. 

Sampled  at 

:§ 

. 

6 

1 
1 

1 

B  3118 

The  Red  Star  Millinfl  Oe..  WlcMta,  Kan. 

Petoskey 

Jamestown 

/G.* 

•  IF.* 

"9.7' 
10.  6 

14.5 
17.9 
17.1 

3.5 
44 

4.1 

10  0 
10.8 
10.0 

"$45  06 

B3120 

48  00 

Shane  Bros.  &  Wileon  Co.,  Minneapolis,  Mkm. 

Clover  Leaf  Wheat  Bran  ground  screenings  not 

Average 

10.2 

io.i' 
i6!7 

13.3 
10.3 
10.6 
10.2 
10.2 

17.5 

M4.1 
114.2 

13.6 
14.6 

15.0 
14.2 

15.0 

14.9 

16.8 

15.6 

16.3 

4.3 

55 
5.2 

35 
6.4 

4.0 
4.0 

3.9 

4.6 

5.1 

4.4 

3.8 

10.4 

11.5 
11.2 

12.8 
11.3 

10.0 
9.2 

8.9 

9.9 

10.2 

10.7 

9.0 

B2925 

OwOSBO 

Detroit 

Grand  ville 

Zeeland    

fG.* 

•  IF.* 

*i45  06 

B3317 

Sheffield  King  Milling  Co..  Minneapolis,  Minn. 

Fancy  BrodOake  Wheat  Bran  and  iiround  screen- 
ings.              . .        

""ii  06 

B2525 

Star  &  Crescent  Milling  Co..  Chicago.  III. 

Ci                                              th  ground  screen- 

"'38  06 

B2527 

Ci                                            th  ground  screen- 
Ci                                              th  ground  screen- 

40  00 

B2608 

Holland     

•46  00 

B2643 

Ci                                            th  ground  screen- 

Allegan       

38  00 

B2689 

Ci                                              th  ground  screen- 

Benton  Harbor 

Millington 

42  00 

B2933 

Ci                                             th  ground  screen- 

45  00 

F.  W.  Stock  Ml  Sen.  Hillsdale.  Mich. 

Bran  made  from  pure  wheat  with  mill  run  screen- 
ings  

Average 

10.9 
16.7' 
'9.5 

ilA 
10.2 
9.8 
11.0 

15.1 

14.0 
14.8 

13.5 
15.4 

14.1 
14.8 

14.3 

14.4^ 

14.5 

4.8 

3.0 
8.9 

4.0 

4.2 

4  6 
4.0 

4.3 

4.3 

4.3 

9.7 

10.0 
10.0 

11.5 
8.6 

10.1 
9.6 

10.6 

10.4 

9.2 

B32ft5 

Schoolcraft 

Detroit 

Grand  Rapids. . . 
Wiliiamston  ... 

fG.* 
.\F.* 

fG.* 
.\F.* 

fG.* 
.\F.* 

"$4666 

B  1963 

David  Stott  Milling  Co.,  Detroit.  Mich. 

Spring  Wheat  Bran  and  wheat  screenings 

B2519 

Valley  Chy  Milling  Co..  Grand  Rapids.  Mich. 

Farmer  sFavoriteWheatBranwith  ground  screen- 
ings not  exce^Kling  mill  nm 

■'4206 

B2875 

Fanner  sFavoriteWheatBranwith  gtoundscreen- 

inim  nnt  PTMtMlinff  mill  nin.. . 

48  00 

B3004 

Farmer  sFavoriteWheatBranwith  ground  screen- 
inss  not  exoeedinff  mill  run.          

Mulliken          

45  00 

B3041 

Farmer  sFavorite  WheatBranwith  ground  screen- 
ings not  6x*^eed«ng  mill  nm 

Howard  City 

50  00 

exoeniinir  mill  nin. ,                  

Average 

10.6 

io.'s' 
ii!2* 

11.3 
11.2 
11.8 
9.8 

14.5 
14.1 
15.2 

14.0 
14.7 

16.1 

14.8 

14.6 

15.2 

4.2 
4.6 
4.0 

4.0 
3.9 

4.5 

4.3 

4.1 

4.3 

10.0 
10.1 
9.6 

11.0 
9.6 

8.0 

8.9 

8.7 

10.6' 

B2538 

Zeeland 

Coopcrsville... 
Bangor 

fG.* 

•If.* 

fG.* 

.\F.* 

"$4666 

B2470 

Volgt  Milling  Co..  Grand  Rapids,  Mich. 

Crescent  Bran  with  ground  screenings  not  exceed- 
ing mill  ruHii  -   -                        

"'38'66 

B2679 

Crescent  Bran  with  ground  screenings  not  cxcced- 
ins  mill  run 

48  00 

B3038 

Crescent  Bran  with  ground  screenings  not  exceed- 
inff  mill  run « 

Big  Rapids 

40  00 

B3046 

Crescent  Bran  with  ground  screenings  not  exceed- 
ing mill  run 

Crescent  Bran  with  ground  screenings  not  exceed- 
ing mill  run                        

Cedar  Springs 

40  00 

B3119 

Rockford 

42  00 

Average 

11.1 

15.1 

4.2 

9.1 

•Abbreviations  for  Guaranteed  and  Pound. 
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MAnufaoturer  And  Trtde  Naine. 


StmpledAt 


i 


I 

I* 


B2631 

B2«S7 
B2638 
B2«91 
B2732 
B3104 


31959 
B2611 
B2743 
B2824 


B2832 

B3031 

B2724 

B2997 

B2734 

B2911 
B1977 

B  1896 
B1903 
B2626 
B2837 
B3224 


Wi«iiar  Whhf  Co^  Ine..  JaektM,  MWi. 

Bran  with  groundfloreeningsnotezoeectingiDil  Inm . 

Bran  with  ground  screenings  not  exceeding  mill  mn. 
Branwith  ground  screenings  nnt  exceeding  mill  run. 
Bran  withgroundscreenings  not  exceeding  mill  run. 
Branwithground  screenings  sot  exceeding  mill  run. 
Bran  with  groundsoreenings  not  exceeding  mill  run. 

Washburn  Crosby  Co^  Minnaapolltr  Minn. 


Wheat  bran  with  ground  screenings  not  exceeding 

millrun. 

Wheat  bran  with  ground  screenings  not  exceeding 

millrun. 

Wheat brM  with  ground  screenings  not  exceeding 

mill  run.. 

Wheat  bran  with  ground  screenings  not  exceeding 

millrun.  ., 


Wsttam  Flour  Mllla,  Davonport  Itwa. 

Black  Hawk  Wheat  Bran  ground  screenings  not 
exceeding  millrun 


WHEAT  MIDDLINGS. 

Baldwin  Flour  MIHt,  Mhrnomwlltr  Mkm. 

Wheat  Shorts  with  ground  screenings  not  exceed- 
millrun. 


Bay  Stato  MOUni  Co.,  Winona,  Mkm. 

Winona  Wheat  IbCddlinge  with  ground  screenings 
not  exceeding  mil!  run. 


Bomot  Craft4  Kaufman  Milling  Co..  St.  Louis  Mo. 

Wheat  Middlingsground  screenings  not  exceeding 
millrun. 


Bis  Dianiond  Mills  Co..  Minneapolis,  Minn. 

Big  Diamond  Wheat  Standard  Middlings  ground 
screenings  not  exceeding  millrun 


Goomo  C.  Cliristian,  Minnoapolis,  Minn. 

Berlohire  Wheat  Flour  Middlings  ground  screen- 
ings not  exceeding  mill  nm. 


Poland  Wheat  Standard  Middlings  ground  screen- 
ings not  exceeding  mill  run 


Commorcial  Milling  Co.,  DotroH,  Mich. 

Standard  Wheat  Middlings  ground  screenings  not 

exceeding  mill  run. 

Standard  Wheat  Middlingsground  screenings  not 

exceeding  millrun 

Standard  Wheat  Middlingsground  screenings  not 

exceeding  mill  run 

Standard  Wheat  Middlings  ground  screenings  not 

exceeding  mill  run 

Standard  Wheat  Middlings  ground  screenings  not 

exceeding  millrun 


Kalamasoo JO* 

\F.* 

Kalamaaoo 

Kalamasoo 

Benton  Harbor 

Mason 

Ooopernille 

Average 

Detroit jQ* 

Holland :... 

LeeUe 

Mayrille 

Arerage 

Bad  Axe /G* 

\F.* 

CadilhMj /G* 

\F.* 

North  Adams... /G* 

\F.* 


Pontiac. 


Mason 

Sturgis 

Clinton 


jQ* 

IF.* 


jQ* 


IF.* 

JG* 

IF* 


Detroit jG* 

(F.* 
Detroit 

Kalamasoo 

Port  Huron 

Detroit 

Average 


9.8 
10.0 
10.1 
10.3 
10.4 
10.1 


10.1 


9.1 
10.2 


10.4 
9.6 


9.8 


10.4 


10.5 


10.8 


11.7 


10.7 


9.5 


10.6 


10.2 
10.3 

10.7 

10.8 

11.7 


10.7 


14.0 
16.9 
14.2 
17.6 
17.8 
17.4 
15.2 


4.0 
4.6 
4.0 
4  0 
4.3 
4  0 
4.2 


11.0 
11.1 
10.6 
9.0 
8.2 
9.0 
10.4 


16.4 


13.0 
14.5 
14.1 

14.8 

15.1 


4.2 


4.0 
5.2 
5.2 

4.3 

5.1 


9.7 


13.0 
10.1 
11.8 

10.1 

10.7 


14.6 


13.8 
16.4 


15.6 
16.5 


16.0 
17.4 


17.2 
16.6 


14.6 
17.3 


15.0 
16.9 


14.0 
17.2 


13.5 
18.6 
17.4 

17.4 

17.4 

14.8 


17.1 


5.0 


3.0 
5.4 


5.0 
5.4 


5.0 
5.7 


4.9 
4  4 


4.2 
4.9 


4.0 
5.0 


4.0 
5.4 


4.5 

5.6 
5.6 

6.0 

5.8 

5.0 


10.7 


11.3 
10.3 


10.0 
8.4 


8.0 
7.3 


6.0 
6.0 


9.3 
7.2 


8.0 

5.8 


11.0 
7.1 


10.0 
66 

6.7 

7.2 
7.^ 
8.2 


5.6 


7.2 


S34  00 
48  00 
48  00 
42  00 
45  00 
42  00 


36  00 
45  00 


45  00 
45  00 


$42  00 

"56*66 
■*46'66 
"58'66 
"4606 
"5266 

*56'66 
''4206 

52  00 

53  00 
225 
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dsi 


u 


B3293 

B2836 
B2961 
B3023 
B3036 

B2572 

B2723 

B2657 

B1979 

B2d97 
B2702 

B1983 

B2000 

B3093 
B3124 

B2942 
B2629 


MaDufactuTOT  »nd  Trade  Name . 


The  Dm  Peree  Mnilng  Co.,  St  Uuls,  Mo. 

Wheat  Shorts  with  ground  wheat  soreeningB  not 
exoeeding  mill  run. 


Eftglo  Roller  Mill  Co.,  New  Ulm.  Minn. 

Wheat  Middlings  ground  screenings  not  exceeding 

mill  run. 

Wheat  Middlings  ground  screenings  not  ezoeedi  ng 

mill  run 

Wheat  Middlings  ground  screenings  not  exceeding 

mill  run. 

Whtet  Middlings  ground  screenings  not  exceeding 

millrun. 


Everett  Augenbaugh  Co.,  Waseco,  Minn. 

£.  A.  Co.  Wheat  Middlings  with  ground  screenings 
not  exceeding  mill  run 


Hubtafd  Milling  Co.»  Mankito,  Minn. 

Standard  ^ne  Middlings  ground  screenings  not 
exceeding  mill  run. 


Kemper  Mill  A  Elevtter  Co.,  KansM  City.  Mo. 

Wheat  Middlings  with  ground  screenings  not  ex- 
ceeding mill  run 


Chas.  A.  Knuise  Millbig  Co.,  Miiwauicee,  Wis. 
Badger  Fancy  Middlings 


Badger  Fancy  Middlings. . 
Badger  Fancy  Middlings. . 


Lyon  4  Qreenleaf  Co ,  Watiseon,  Ohio. 

Waseo  Middlings  ground  screenings  no  t  exceeding 
millrun 


Montana  Flour  Mills  Co.,  Lewlstown,  Mont. 

Montoo  Wheat  Middlings  with  ground  screenings 
not  exceeding  millrun 


National  Feed  Co.,  St  Utile,  Mo. 

Wheat  Middlings  with  ground  screenings  not  ex- 
ceeding mill  run. 

Wheat  l£ddlings  with  ground  screenings  not  ex- 
ceeding mill  run 


The  Northweetem  Consolidated  Milling  Co. 
Mbineapolls,  Minn. 

Wheat  Standard  Middlings  ground  screenings  not 
exceeding  mill  run 


Sampled  at 


Pillsbuiy  Flour  Mills  Minneapolis  Minn. 

StandardMiddlingswithgroundscreenings  not  ex- 
ceeding mill  run. 


Otsego \F.* 

/G.* 
Port  Huron \F.* 

Midland 

Oare 

Big  Rapids 

Average 

fG.* 
N.  Muskegon.... \F.* 


North  Adams. 


Battle  Creek. . 


Clinton.... 

Greenville.. 
Adrian.... 


Average. . 
Blissfield.... 


...\F.* 

...\P.* 

(G.* 
...\F.* 


Adrian. 


/G.* 
.\F.* 

/G.* 
.\F.* 


(G.* 

Muskegon \F.* 

Jamestown 


Average. . 


Gladwin. . 


Kalamaxoo. , 


.\F.* 

fG.* 
.\F.* 


11.1 


10.4 
11.0 
10.9 
11.3 


10  9 

ib'.s 


10.8 


10.1 


10.5 


10.2 
10.3 


10.3 


10.7 


10.8 


10.6 
10.8 


10.7 


10.6 


10.7 


l5.o 
16.3 


16.0 
IO.8 

ie.2 

18.1 
15.7 


10  6 

15  0 
18.8 


16.0 
17.4 


16.0 
16.8 


12.0 
13.1 


13.0 
13.1 


13.1 


17.0 
16.7 


16.7 
19.1 


16.0 
17.6 
16.9 


17.5 


15.0 
16.7 


14.0 
16.9 


3.5 
5.1 


4.0 
5.0 

5.1 

5.6 

4.9 


5.2 


3.0 
5.6 


5.0 
6.2 


4.0 
4.5 


4.5 

7.7 


7.7 
6.3 


7.2 


4.0 
4.5 


4.7 
5.2 


4.0 
5.2 
5.6 


5.4 


4.5 
5.9 


4.0 
5.5 


12.0 
7.5 


11.0 
10.0 

9.2 

6.5 

9.5 


8.8 

10.0 

7.5 


11.5 
9.0 


8.0 
7.2 


7.0 

4.7 


3.9 
2.9 


3.8 


6.0 
5.8 


9.6 
7.4 


9.0 
7.5 
7.2 


7.4 


11.0 
9.6 


11.0 
9.1 


I 

•is 


$2  40 


53  00 

260 

55  00 

47  00 


150  00 


46  00 


56  00 


60  00 


56  00 
2  75 


152  00 


2  25 


62  00 
58  00 


150  00 


52  00 
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B3152 


B2901 
B2920 


B2895 
B2922 


B2«99 


B2756 
B2932 


B2464 
B2518 

B2539 
B2543 
B3579 
B2748 


B2613 

B1954 
B2487 
B2814 
fi2825 

B2826 


Manufacturer  and  Trade  Name. 


SdiuHz  Btnfau  &  C*.,  B«ti4tlowm  III. 

Sunbeam  middlingf  with  mill  run  acreenings. 


SlMUM  Bros.  4  WilMD  Co.,  MimimpoNa,  Mimi. 

Snowball  Wheat  White  Middlings  ground  screen- 
ings not  exceeding  mill  run. 

Snowball  Wheat  White  Middlings  ground  screen- 
ings not  exceeding  mill  run 


WheatStaodard  Middlings  with  ground  s.M^enings 

not  exceeding  mil  Iron :   — 

Wheat  Standard  Middlingswithground  screenings 


Sampled  at 


StMMi  TntMi  MNUnf  COn  St.  Louis.  Mo. 

Wheat  Middlings  with  ground  screenings  not  ex- 
ceeding millrun 


Star  &  Craocont  MNHm  Co..  Chinf*.  IN. 

Star  Wheat  Middlings  ground  s:;reenings  not  ex- 
ceeding millrun 

Star  Wheat  Middlings  ground  screenings  not  ex- 
ceeding millrun 


VaHoy  CHy  MHUni  COh  Grand  ItapMs.  MMi. 

Farmer's FaTOritt  Wheat  Middlings  with  ground 
screenings  not  exceeding  millrun 

Farmer's  Favorite  Wheat  Middlings  with  ground 
screenings  not  exceeding  mill  run 


Rowena  Wheat  Middlings  with  ground  screenings 

not  exceeding  mill  run.  

Rowena  Wheat  Middling  swith  ground  screenings 

not  exceeding  mill  run 

Rowena  Wheat  Middlings  with  ground  screenings 

not  exceeding  mill  run. 

Rowena  Wheat  Middlings  with  ground  screeni  ngs 

not  exceeding  mill  run. . .    


Volgt  MIIHnf  Co..  Grand  ItapMt.  MMi. 

Voigt  Milling  Co.  Middlings 


Waahburn  Crooby  Co..  Minneopoln.  Minn. 

Standard  Middlings  ground  screenings  not  exceed- 
ing mill  run 

Standard  Middlings  ground  screenings  not  exceed- 
ing mill  run 

Standard  Middlings  ground  screenings  not  exeeed- 
ing  mill  run 

Standard  Middlings  ground  screenings  not  exceed- 
ing mill  run 


Wheat  Flour  Middlings  grounds  ereenings  not  ex- 
ceeding mill  run 


fO.* 
Coopersville ;F.* 

Albion ;F.* 

Owoseo 

Average 

/G.* 
Milan ^F.* 

OwOSBO 

Average 

Holland 'F.* 

fG.* 
St.  Johns \F.* 

Millington 

Average 

fG.* 
CoopersvUle IF.* 

Grand  Rapids 

Average 

Zeeland /G.* 

\F.* 
Holland 

SparU 

St.  Johns 

Average 

Moline /G.* 

IF.* 

/G.* 
Detroit \F.* 

Grand  Rapids 

Vasoar 

Mayville 

Average 

(G* 
Mayville IF.* 


10  1 
109 


10.5 


10.4 
11.0 


10.7 


10.4 


10.9 
10.5 


10.7 


11.7 
11.2 


11.5 


11.1 
11.4 


10.7 
10.8 


11.0 


11.7 


9.0 
10.9 
9.8 
9.4 


9.8 


15.0 
15.6 


15.0 
16.3 


17.2 


16.7 

15.3 
16.1 
14.3 


15.2 


15.0 
17.2 


15.0 
17.7 


17.0 


17.4 


13.0 
15.4 


15.9 


15.7 

18.0 
18.4 
16.0 

15.8 

15.8 


16.5 


14.5 
15.7 


14.0 
17.3 

16.5 

17.3 

16.3 


16.9 
15.0 
18.7 


t 


3.5 

4.7 


4.5 
6.3 


5.8 


10.0 
7.2 


7.0 
11.0 


7.1 


6.1 

6.4 
5.8 
6.6 


f.2 

10.5 
10.4 
11.3 


6.7 


4.0 
4.6 


4.0 
5.2 


4.2 


10.9 


6.0 
5.5 


8.0 
7.5 


6.7 


4.7 


4.8 
4.4 


4.4 


7.1 


7.5 
7.6 


7.1 


4.4 

5.2 

4.8 
4.8 

4.9 

4.8 


7.> 

7.5 
6.7 
7.8 

5.9 

7.1 


4.8 


8.5 
4.5 


4.0 
5.7 

5.0 

5.5 

5.5 


6.8 


10.0 
6.3 


11.0 
9.1 

9.5 

8.3 

9.4 


5.4 

4.0 
6.0 


9.1 
8.0 
6.2 


I 

Is 


$53  00 


2  75 
2  85 


145  00 

250 


156  00 


2  50 
250 


$50  00 
53  00 


$56  00 
54  00 


57  IK) 
2  75 


$47  00 

*   *2'25 

48  00 

2  25 

2  65 


$2  80 
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B2839 
B28M 


B287d 


B3275 


B1960 


B1890 

B1904 
B1992 
B3226 


B2604 


B2665 


B2722 
B2865 


B2662 
B2653 
B2717 


B2M9 
B2647 
B2«51 
B2714 


Manufaoturer  and  ThMle  Nane. 


WHEAT  MIXED  FEEDS, 
miiif  Ccwf  Htfbff  BiMiif  Mleli* 

Jenks  Wheat  Mixed  Feed  with  ground  screenings 
hot  exeeedinc  mill  run. 

Jenks  Wheat  Mixed  Feed  with  ground  screenings 
not  exoeedbg  mill  run. 

PortliiMl  MHIinf  Co.*  Poftlandi  Mich. 

(%ampion  Mixed  Feed  with  ground  screenings  not 
exceeding  mill  run. 

F.  W.  StMk  4  Stn.  HilMak  Mich. 

MonarehFtod 

\Mtflibum  Crwby  Co^  MimifapoUt,  Minii. 

Wheat  MixedFeed  ground  screeningsnot  exceeding 
millnm 

WHEAT  AND  RYE  MIXED  FEEDS. 

CouMMrelai  MWIns  Co..  DetroH.  Mleh. 

Henkel's  Fine  White  Feed 

Henkel's  Fine  White  Feed 

Henkel's  Fine  White  Feed 

Henkel's  Fine  White  Feed 

B.  A.  EoklMirt  MHam  Cc  CMetfi^  IH. 
Wheat  4  Rye  Flo ur  MiddUngs 

CEREAL  FOOD  BY-PRODUCTS. 
J.  E.  Bartlttt  Co..  JMkaon.  MMi. 

Toasted  Milk  Nute 

Toasted  Milk  Nuts 

Toasted  Milk  Nuts 

KaNofglMated  Com  FlakeCa..  BMHo  Creak,  Mleh. 

Broken  Wheat  Biscuit 

Dried  Com  Flake  Feed 

Dried  Corn  Flake  Feed 

Poatum  Careai  Co.,  Battio  Creak,  Mich. 

Cereal.. 

Cooked  Corn  Grits 

CXXFced 

CXXFeed 


Sampled  at 


Port  Huron \F.* 

Harbor  Beach 

Average 

/G.* 
WiUiamston \F.* 

miladale /G.* 

/G.* 
Detroit \F.* 

Detroit /G.* 

\F.* 

Detroit 

Morend 

Detroit 

Average 


Holland /G.* 


IF.* 


Jackson IQ* 

\F.* 

North  Adams 

JaclQ«>n 

Average 

BatUe  Creek /G.* 

(f.* 

Battie  Creek /G.* 

\F.* 
Hudson 

Average 

BatUe  Creek /G* 

\F.* 

Battle  Creek /G.* 

\F.* 

Battle  Crock (G.* 

\F.* 

Hu<bon 

Average 


10.7 
10.0 


10.4 


10.7 


10.8 


0.6 


11.4 
9.9 
10.5 
11.4 


10.8 


10.6 


10.9 
9.8 
10.0 


10.2 


6.5 


7.3 
7.6 


7.6 


4.6 


13.9 


6.9 
7.6 


7.3 


1 


ijo 

1*7 
10  2 


ijo 

1^  6 


1*0 
l7.3 


14.0 

>?* 
1?  9 

l4.8 

13^9 

l5.0 


16.0 
17.6 


14.4 
14.6 
16.9 
16.3 


16.2 


10.1 
12.6 
6.9 
8.6 
9.1 


12.0 
13.0 
6.0 
8.3 
15.0 
18.6 
18.3 


18.5 


3.5 
4.4 


3.9 


4.2 


8.6 
4.3 


4.0 

4.8 


4.0 
6.4 


6.0 
4.8 
4  6 
4.6 
4.9 


4.7 


4.0 

4.8 


1.6 
1.4 
1.6 
1.4 


1.4 


1.0 
1.9 
2.1 
1.6 
2.4 


2.0 


1.7 
2.6 
0.2 
0.6 
2.0 
4.3 
4.2 


43 


11  5 
8.7 


8.4 


8.6 


8.4 
7.7 


10.0 
9.9 


lO.O 
6.8 


8.5 
9.0 
7.9 
6.9 
13.1 


9.2 


7.0 
4.8 


6.6 
7.7 
7.4 
7.8 


7.6 


2.6 
4.8 
0.4 
0.8 
0.6 


0.7 


18.0 
13.4 
2.0 
0.4 
26.0 
20.9 
20.1 


20.5 


S 


148  00 


$2  05 


2  10 


2  50 


58  00 
2  50 


$48  00 


1  65 


145  00 


45  00 
56  00 


$23  00 
"46  66 


23  00 
1  50 
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jl 

MwwfMtnrw  tnd  Trade  Nime. 

Sampled  at 

1 

1 

i 

I 

1 

1 

PMiMi  CtfMl  Co.,  Battle  CrMk.  Mioli.-Coii. 

' 

B2640 

flaked  Corn  Feed 

Battle  Creek 

BatUe  Creek 

Battle  Oeek 

G.* 
F.* 
G.* 
F.* 
G.* 
IF.* 

'12.3' 

8.0 
9.3 
6.0 
8.0 
9.0 
11.6 

1.0 
1.4 
0.6 
1.6 
0.6 
1.4 

6.0 
0.8 
2.0 
0.6 
3.6 
1.6 

B  S660 

Fbked  Corn  Offal    

$63  00 

BS068 

Q.N.  Feed 

60  00 

62  00 

BARLEY  FEED. 

J.  E.  BartlMt  Cik.  Jack«M,  Mich. 

B3189 

mUlniD. 
PMtum  CwMl  Co..  Battio  Creek.  Mich . 

N.MuBkegon.... 

fG.* 

IF* 

"g'.r 

8.6 
8.1 

2.8 
28 

26.8 
24.1 

*  "54*66 

B2648 

Barley  Bran  ffluUa) 

BatUe  Creek 

PoDtiac 

G* 

IF* 

■7!6' 

10.3 

8.0 
9.2 
12.1 

1.3 
2.3 
2.3 

30.0 
19.1 
13.4 

B3000 

Barley  Bran  (Hulls) 

26  00 
30  00 

Average 

8.7 

10.7 

2.3 

16.3 

B3123 

Barlcv  E^reeninflfl 

Jamestown 

Jaduon 

G* 
F.* 

9.1 

6.0 

8.7 
7.8 

1.0 
2.7 
2.6 

25.0 
22.1 
22.4 

B3261 

Pvl^y  Somningff 

$38  00 
2  60 

Average - 

9.0 

8.3 

2.6 

22.3 

RYE  FEED. 

(Rye  Bran  k  Rare  MiddUnga  with  Ground 
SereeningB.) 

Bay  State  Milling  Co..  Wfaiona.  Minn. 

B1990 

Rye  MiddUnga 

Morenci 1 

G* 
F.* 

'*9!2* 

16.0 
16.9 

3.4 
3.6 

6.0 
6.0 

47  00 

Hannah  4  Uy  Co..  Traveree  City.  MIeh. 

B3U5 

Rye  Feed 

TraveraeCity....] 

G* 
F.* 

"\2\'% 

14.1 
14.1 

2.7 
2.7 

4.6 
4.6 

50  00 

Valley  City  Milling  Co..  Grand  RapMs.  MIeh. 

B3073 

Rowena  Rye  Feed 

Grand  Rapids....! 
Grand  Rapids 

G.* 
F.* 

"llA 
11.7 

16.0 
16.1 
16.1 

2.8 
2.9 
3.1 

6.3 

4.7 
4.8 

B8082 

Rowena  Rye  Feed 

43  00 
40  00 

Average 

11.6 

16.1 

3.0 

4.8 

Voigt  Mining  Co..  Grand  RapMs.  Mieh. 

B3146 

Voigta  Rye  Feed 

Hudsonvillc / 

G.* 
F.* 

■ii!7' 

15.0 
15.4 

3.0 
3.4 

6.0 
4.6 

$60  00 

MISCELLANEOUS  FEEDS. 

Armour  Grain  Co..  Chkage.  III. 

B3166 

Oat  Hulls 

South  Haven f 

G* 
F* 

"%.z 

5.0 
6.4 

2.0 
1.7 

30.0 
16.1 

36  00 

Michigan  Cereal  Co.,  Port  Huron.  Mteh. 

B2836 

Pea  Bran 

Port  Huron 

G.* 
F* 

"9.'i" 

14.0 
16.1 

1.0 
1.4 

36.0 
29.6 

47  00 

J.  E.  Bartlett  COm  Jackaon.  Mieh. 

B3263 

Velvet  Bean  Meal 

Jackson f 

G* 

18.0 
16.8 

4.6 
4.0 

12.0 
14.8 

F.* 

10.9 

47  00 
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385 


Murofaeiurer  and  Trade  Name. 


Sampled  at 


I 


s 


B3012 


B3019 


B3921 


B2721 

B28M 
B2941 
B2870 


B2974 

B1M2 

B2Q49 

B3044 
B3060 

B3033 


Alma  RoUw  Mills.  Alim.  Mich. 
Buckwheat  Bran 


Harris  Mllllm  CSh  Mt  Pleasant,  Mieh. 

Middlings 


Russsll-Miiler  Miliiiii  Co.,  MinnsapoHt.  Miim. 
Bran  made  from  wheat  only 


Larrows  Milling  Co..  DetroH.  Mich. 
Dried  Beet  Pulp 


Dried  Beet  Pulp.. 
Dried  Beet  Pulp.. 
Dried  Beet  Pulp.. 


Saginaw  Mllllm  Co..  Saginaw.  MIeli. 
Rye  Feed 


David  Stott  Mmbii  Co.,  Detroit.  Midi. 

Stotts  Pure  Winter  Wheat  Bran 


Join  A.  Voftmann,  Bay  CHy.  Mich. 
Wheat  Middlings 


Watso-nHlNlns  MllUng  Co..  Qiand  RapMs.  Mich. 

Wheat  Bran 

Wheat  Bran 


E.  L  WoNman.  Grand  RapMs,  Mich. 

Middlings 


Ahna /G* 

Mt.PIeaaant /G* 

IF.* 

OWOSBO /G* 

\F.* 

North  Adams.... /G.* 

Saginaw 

Gladwin 

Jackson 

Average 

Clio , /G* 

(f* 

Detroit /G* 

\F.* 

Bay  City /G* 

IF.* 

Cedar  Springs.... /G.* 
\F.* 

ComstockPark 

• 
Average 

Cadillac /Q.* 

If.* 


10.2 


6.1 


1.1 


30.1 


11.0 


10.7 


8.9 
8.1 
10.1 
8.4 


15.3 


13.0 
16.9 


8.0 
8.9 
8.9 
8.9 
93 


4.4 


4.0 
5.6 


0.5 
0.9 
0.9 
1.0 
0.8 


4.8 


11.0 
10.1 


20.0 
10.0 
19.5 
18.8 
18.9 


8.9 


9.0 


0.9 


19.1 


12.4 


9.5 


16.3 


14.0 
15.0 


2.8 


4.5 
3.9 


4.4 


10.5 
8.3 


11.5 


16.4 


5.1 


6.6 


11.5 
11.5 


13.8 
13.9 


4.4 

3.9 


7.6 
9.6 


11.5 


13.6 


4.2 


8.6 


10.6 


18.2 


4.8 


5.6 


$41  00 


38  00 


23 


40  00 

42  00 

2  20 

2  10 


$2  75 


37  00 


37  00 


158  00 


*AbbreyiationB  for  Guaranteed  and  Found. 


Digitized  by 


Google 


386 


STATE  BOARD  OF  AGRICULTURE. 


ANALYSES  OF  FEEDS  SOLD  IN  MICHIGAN  IN  VIOLATION  OF  THE  FEEDING  STUFFS 
LAW  REQUEST  FOR  LICENSE  REFUSED  BY  MANUFACTURERS. 


Manufacturer  and  Trade  Nane. 


Sampled  at 


I. 


B2908 


B3271 
B3276 


B3080 
B3210 

B28(M) 

B3158 

B2885 

B2807 
B2994 


Valvti  Batn  Millt.  Q«or|lam.  Ala . 

Velvet  Bean  Feed  Meal 

0.  H.  Bowan,  BirmlnglMiiv  Alt. 

Velvet  Bean  Meal 

Velvet  Bean  Meal 

C.  L  Campball  A  C<k,  Uttla  Rock,  Ark. 

Single  Hump  Camel  Brand  Cottonseed  Meal 

Cottonseed  Meal 

Coiwnandar  MiH  Co.«  MhmeapoUa,  Mlim. 

Commander  Wheat  Bran  ground  screeningi  not  ex 
oeeding  mill  run. 

Albart  Dteklnaon  Co.,  Chicago.  IH. 

Pine  Tree  Chick  Feed  with  grit 

Hayat  Qrabi  A  CommlMion  Co.,  Uttla  Rock,  Ark. 

Supreme  Brand  Cottcfnseed  Meal 

Supreme  Brand  Cottonseed  Meal 

Supreme  Brand  Cottonseed  Meal 


Pontiac •. .  (G  * 

If* 

White  Pigeon.... /G.* 

\F.* 
Clinton 

Average 

Grand  Rapids. . .  ./G.* 

Washington }G* 

\F.* 


Jackson. 


\F.* 


Portage  Centre... /G.* 

If.* 


Plymouth /G.* 

Albion 

Milford 

Average 


11.7 


10  8 
10.9 


10.9 


9.1 
8*6 


10.1 


11.8 


8.9 
92 
8.6 


8.9 


18.0 
18.2 


18.0 
16.9 
16.4 


4.2 
4  2 


4.5 
3  8 
3.7 


14.0 
12.9 


12  0 
14.3 
16.6 


16.2 


3.8 


6.0 
6.2 


14.9 


8.0 
12.0 


14  0 
14.9 


10.0 
8.6 


38.6 
38.7 
400 
37.6 


6.1 


40 
6.1 


2.6 
2.2 


6.0 
6.9 
7.1 
65 


11.8 


11  0 
10.7 


50 
1.8 


8.0 
11.4 
10.6 
11.4 


38.8 


6.8 


11.1 


12  00 


48  00 
52  00 


160  00 


55  00 


225 


440 


28G 
55  00 
60  00 
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FERTILIZER  ANALYSES 


Bulletin  No.  283 


ANDREW  J.  PATTEN^  C.  F.  BARNUM,  E.  P.  BERQER^ 
A.  L.LEWIS^  M.  L.  GRETTENBERGBR. 

The  inspection  and  analysis  of  commercial  fertilizers,  sold,  offered  or 
exposed  for  sale  in  Michigan,  is  made  under  authority  of  an  act  of  the 
Legislature  approved  March  10th,  1885,  and  as  amended  during  the  ses- 
sion of  1913.  The  full  text  of  the  law  will  be  sent  to  any  person  upon  re- 
quest. 

LICENSED  BRANDS. 

During  the  year  1918,  "thirty  manufacturers  and  fertilizer  companies 
licensed  323  brand  for  sale  in  the  State.  Attention  is  called  to  the  fact 
that  the  fertilizer  law  covers  only  those  materials  which  are  sold,  offered 
or  exposed  fo^j  sale  within  the  State,  the  retail  price  of  which  is  $10.00  or 
more  per  ton.  Manufacturers  residing  outside  the  State  may  ship  direct 
to  the  consumer  without  paying  the  license  fee,  but  the  party  making  the 
purchase  receives  no  protection  under  the  law.  If  the  sale  of  fertilizer  to 
be  shipped  direct  to  the  consumer  is  made  by  an  agent  or  representative 
of  the  manufacturer  while  in  the  State,  the  act  is  considered  as  one  of 
actually  offering  the  material  itself  for  sale,  and  the  fertilizer  then  be- 
comes subject  to  the  requirements  of  the  law  just  as  surely  as  though  the 
fertilizer  were  actually  brought  into  the  State  and  then  sold.  Conse- 
quently, an  agent  of  a  fertilizer  company  is  technically  violating  the  law 
when  he  solicits  or  accepts  orders  for  any  unlicensed  fertilizer,  while  in 
the  State. 

COLLECTION  OF  SAMPLES 

The  collection  of  samples  was  made  during  the  spring  and  fall  shipping 
seasons  by  inspectors  appointed  by  the  State  Board  of  Agriculture. 

All  sections  of  the  State  in  which  fertilizers  are  used  to  any  extent,  were 
visited  and  863  samples  were  secured  from  stocks  being  offered  for  sale  by 
dealers.  For  this  purpose  a  specially  constructed  tube  is  used  which 
permits  of  securing  a  core*  from  the  entire  length  of  the  bag.  An  official 
sample  consists  of  the  cores  taken  from  not  less  than  five  separate  sacks  of 
the  same  brand.  The  five  or  more  separate  cores  are  mixed  together, 
placed  in  a  stout  sack,  tied,  sealed  and  forwarded  to  the  laboratory  for 
analysis. 

Much  of  the  fertilizer  used  in  the  State  is  taken  directly  from  the  cars 
by  the  consumers  and  it  is  never  possible  for  the  inspectors  to  secure 
samples  of  all  the  brands  registered.  It  sometimes  happens  that  a  manu- 
facturer fails,  for  some  reason  or  other,  to  sell  any  of  a  particular  brand 
or  the  sales  may  be  very  light  and  in  the  latter  case  it  is  only  by  chance 
that  a  sample  is  found. 

During  the  past  year,  forty-four  registered  brands  were  not  found  in 
the  State.    In  several  cases  it  is  known  that  no  shipments  were  made. 
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It  was  formerly  the  custom,  whenever  we  failed  to  find  a  brand  on  the 
market,  to  analyze  the  sample  forwarded  by  the  manufacturer,  as  required 
by  law  at  the  time  of  applying  for  the  license.  It  has  long  been  known 
that  these  samples  were  generally,  if  not  always,  made  up  in  the  labora- 
tories of  the  companies  and  were  not,  therefore,  representative  of  the 
product  as  put  on  the  market.  For  this,  and  other  reasons,  we  have  dis- 
continued this  practice  and  in  this  bulletin  the  brands  not  represented  by 
samples  are  listed  in  their  proper  places  but  are  not  given  a  laboratory 
number  and  only  the  guaranteed  analysis  is  shown. 

In  many  cases  several  samples  of  the  same  brand  were  drawn  and  ana- 
lyzed. This,  of  course,  greatly  increases  the  work  in  the  laboratory,  but 
it  is  the  only  way  by  which  we  can  ascertain  if  the  brands  are  running 
uniform.  If  only  one  sample  were  analyzed,  of  it  several  samples  were 
taken  and  composited  before  being  analyzed,  variations  in  the  composition 
would  not  be  detected. 

ANALYSES  OF  M:ISCBLLANB0US  SAMPLES 

On  account  of  the  large  amount  of  work  involved  in  the  inspection  of 
fertilizers  our  laboratory  force  is  kept  busy  constantly  with  samples  col- 
lected by  the  inspectors.  It  is,  therefore,  impossible  for  us  to  give  atten- 
tion to  miscellaneous  fertilizer  samples  sent  to  us.  Furthermore,  unless 
the  samples  are  taken  in  the  manner  previously  described  they  will  not 
truly  represent  the  lot  or  shipment  of  which  they  were  a  part  and  the 
analysis  of  such  a  sample  would  be  an  injustice  either  to  the  manufacturer 
or  purchaser. 

In  all  cases  where  doubt  arises  as  to  the  merits  of  any  particular  ship- 
ment, we  suggest  that  this  office  be  notified  and  an  inspector  wiU  be  sent 
to  make  an  investigation  and  draw  an  official  sample. 

RESULTS  OP  INSPECTION 

A  study  of  the  tables  of  analyses  shows  that,  of  the  863  samples  ana- 
lyzed representing  279  brands,  187  (21.7%)  are  below  guarantee  in  one  or 
more  constituent.  Fifty-four  (6.3%)  are  below  guarantee  in  nitrogen,  5 
(0.6%)  are  below  guarantee  in  total  phosphoric  acid,  55  (6.4%)  are  below 
in  available  phosphoric  acid  and  98  (11.4%)  in  potash.  This  is  a  decided 
improvement  over  the  showing  made  last  year,  and  represents  about  the 
normal  or  pre-war  percentage  of  deficiencies. 

A  summary  of  the  results  of  the  inspection  is  given  in  the  following 
table : 


Digitized  by 


Google 


EXPERIMENT  STATION  BULLETINS. 


389 


SUMMARY  OF  RESULTS  OF  INSPECTION 
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A  study  of  the  above  table  brings  out  the  following  interesting  points : 

1.  Eighty-nine  (89)  per  cent  of  all  samples  analyzed  were  equal 
to  the  guaranteed  value. 

2.  Seventy-three  (73)  per  cent  of  all  samples  analyzed  were  5 
per  cent  or  more  above  the  guaranteed  value. 

3.  Seven  (7)  per  cent  of  all  samples  analyzed  were  not  within  5 
per  cent  of  the  guaranteed  value. 

4.  Three  (3)  per  cent  of  all  samples  analyzed  were  not  within  10 
per  cent  of  the  guaranteed  value. 

SAMPLES  REQUIRING  SPECIAL   MENTION. 

Sample  A-1788.  Armour's  Michigan  Special,  manufactured  by  Armour 
Fertilizer  Works,  Chicago,  Illinois.  This  sample  was  drawn  from  stock 
held  by  L.  R.  Glassford,  Capac.  It  was  found  to  be  below  guarantee 
in  potash.  Objection  was  raised  on  the  ground  that  a  mistake  in  sampling 
might  have  been  made.  Another  sample,  A-2464,  was  drawn  from  the 
same  shipment  and  the  analyses  of  the  two  samples  are  here  given  for 
comparison. 


Nitrogen 

Phogphorio  Acid. 

Sample  No. 

Total. 

Insoluble. 

Available. 

Potash. 

A  1788 
A  2464 

0.94% 
0.98% 

10.50% 
10.12% 

1.16% 
0.97% 

9.34% 
9.15% 

0.58% 
0.75% 
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Sample  A-2023.  Farmers  Favorite,  manufactured  by  Darling  &  Com- 
pany, Chicago,  Illinois.  The  sample  was  drawn  from  stock  held  by  Reed 
&  Cheney,  Grand  Rapids.  The  analysis  was  so  different  from  the  guaran- 
tee it  was  evident  that  a  mistake  had  been  made  by  the  shipping  depart- 
ment of  the  company.  As  soon  as  the  matter  was  called  to  the  attention 
of  Darling  &  Company,  the  lot  was  returned  to  the  factory.  The  value  of 
the  fertilizer  delivered  was  practically  e<iual  to  that  guaranteed. 

Sample  A-2397,  t^taffO-lAjc,  manufactured  by  the  Federal  Chemical 
Company,  Louisville,  Kentucky.  The  sample  was  drawn  from  stock  held 
by  the  Sioux  City  Seed  Company,  Millington.  The  analysis  of  the  sample 
corresponds  to  the  '*Twenty-four  Phosphate"  fertilizer  manufactured  by 
the  same  company.  When  the  matter  was  called  to  the  attention  of  the 
company  they  admitted  that  a  mistake  must  have  been  made  by  the 
workman  in  filling  the  sacks  from  the  wrong  pile.  The  value  of  the  fer- 
tilizer delivered  was  greater  than  the  one  ordered. 

Sample  A-1902.  Penguin  Amnwniated  Phosphate,  manufactured  by  F. 
S.  Royster  Guano  Company,  Baltimore,  Maryland.  The  sample  was 
drawn  from  stock  held  by  F.  B.  Bachelder,  Clarksville.  This  was  sold  as  a 
2-10-0  formula,  but  our  analysis  showed  it  to  be  a  1-12-0  brand.  Objection 
to  the  sample  was  raised  by  the  fertilizer  company  and  a  second  sample, 
A-1980,  from  the  same  shipment  was  accordingly  taken.  The  analysis 
of  the  second  sample  agreed  closely  with  the  first  sample.  The  F.  S. 
Royster  Guano  Company  accepted  the  second  result  as  evidence  of  an 
error  on  their  part  and  promptly  paid  Mr.  Bachelder  the  difference  be- 
tween the  2-10-0  and  1-12-0  brands. 

Sample  A-2549.  High  Orade  Acid  Phosphate  16%,  manufactured  by 
F.  S.  Royster  Guano  Company.  Sample  was  drawn  at  the  request  of 
C.  H.  Barton,  Grand  Ledge,  who  stated  that  it  contained  stones  and 
was  the  cause  of  breaking  several  seed  drills.  Upon  investigation  it  was 
found  that  the  "stones"  were  untreated  rock  phosphate  that  had  spilled 
over  from  an  overhead  carrier  in  the  factory  and  owing  to  a  breakdown 
this  particular  lot  of  acid  phosphate  was  not  screened  before  being  bagged. 
After  making  an  investigation,  F.  S.  Royster  Guano  Company  paid  the 
damages  on  the  broken  drills  and  also  for  having  the  remaining  lot  of 
fertilizer  screened. 

LIMB-PEETILB 

The  material  is  licensed  by  the  Fertile  Chemical  Co.,  Cleveland,  Ohio, 
The  only  guarantee  filed  with  the  application  is  for  3.00  per  cent  phos- 
phoric acid. 

Three  samples  were  drawn  by  the  inspectors,  two  of  which  were  found 
to  be  more  than  0.2  per  cent  below  guarantee.  The  samples  were  also 
found  to  contain  the  following  percentages  of  calcium  and  magnesium 
carbonates. 

Calcium  and 
Magnesium 
Carbonates 

A  2573 86.48% 

A  2585 87.23% 

A  2620 87.80% 

The  analytical  results  indicate  that  the  material  is  a  mixture  of  approx- 
imately 90  per  cent  pulverized  limestone  and  10  per  cent  ground  raw  rock 
phosphate. 
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It  is  claimed  by  the  manufacturers  that  "Lime-Fertile"  is  inoculated 
with  "all-crop  nitrogen-fixing  bacteria."  All  three  samples  were  referred 
to  the  Bacteriological  Department  for  examination  as  to  bacterial  content 
and  their  report  follows : 

"Ashby's  Nitrogen-poor  Agar  was  used  for  plating  the  samples  of  ^Lime- 
Fertile'  with  the  following  results : 

A  2585 — Contained  roughly  an  average  of  510,500  bacteria  per  gram, 
only  1000  colonies  of  which  might  be  designated  as  the  ni- 
trogen-fixing type. 
A  2573 — Contained  an  average  of  5,000  bacteria  per  gram,  none  of 

which  were  B.  radicicola. 
A  2620 — Contained  roughly  an  average  of  234,700  bacteria  per  gram, 
125,000  colonies  of  which  might  be  designated  as  the  ni- 
trogen-fixing type. 
"Fertile  soils  contain,  instead  of  a  few  hundred  thousand,  many  million 
bacteria  per  gram,  from  one  to  several  hundred  thousand  per  gram  of 
which  are  organisms  of  the  nitrogen-fixing  type.    Data  compiled  in  our 
own  laboratory  show  that  poor  sandy  soils  having  from  one  to  five  million 
bacteria  per  gram  contain  from  23,000  to  424,000  bacteria  per  gram  of  the 
nitrogen-fixing  type. 

"This  shows  that  sample  A-2620  of  *Lime-Fertile'  contained  a  little  over 
half  as  many  organisms  of  the  nitrogen-fixing  type  as  did  the  most  fertile 
of  the  samples  of  poor  sandy  soil  analyzed,  while  sample  A-2585,  although 
it  had  a  comparatively  large  bacterial  count,  contained  but  very  few  col- 
onies of  the  nitrogen-fixing  type,  while  sample  A-2573  contained  none  at 
all. 

"Thus  it  is  evident  that  none  of  these  samples  would  add  any  consider- 
able numbers  of  bacteria  of  any  type,  especially  nitrogen-fixing  bacteria, 
to  soil." 

Several  misleading  statements  were  noted  on  the  packages  of  "TJme- 
Fertile"  and  also  in  an  advertising  circular  put  out  by  the  company.  One 
of  the  most  glaring  statements  is  the  following,  taken  from  page  4  of  the 
circular :  '^^hat  it  does.  Lime-Fertile  does  the  work  of  a  complete  fer- 
tilizer plus  liming.  Two  hundred  pounds  of  Lime-Fertile  can  be  used  in- 
stead of  two  hundred  pounds  of  ordinary  commercial  fertilizer  plus  one 
ton  of  lime  or  two  tons  of  ground  limestone." 

The  only  comment  that  is  necessary  is  a  comparison  of  the  amounts  of 
plant-food  and  lime  furnished  in  the  two  cases. 


200  lbs.  Lime-Fertile  contains 


Nitrogen      Unavailable        Potash  Lime 

PtOft  r  Carbonates 


6  lbs.  0  180  lbs. 


200  lbs.  Commercial  Fertiliser 
and  2  tons  Limestone  contain 


r  Nitrogen  Available    -       Potash  Lime* 

Pt0«  Carbonates 


'2Ibe.  16  lbs.  4  lbs.  3.720  lbs. 


•AssumlDff  the  limesfone  to  contain  93  per  cent  calcium  and  inasmfsium  carbonates. 

Many  other  misleading  statements  were  brought  to  the  attention  of  the 
manufacturers. 
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Court  Case 

During  the  past  year  the  first  court  case  under  the  fertilizer  law  was 
successfully  terminated.  In  the  early  part  of  May  this  office  was'notified 
of  a  product  purporting  to  be  a  commercial  fertilizer  which  was  being 
sold  throughout  Lapeer  county.  An  investigation  was  immediately 
started  which  disclosed  that  one,  Richard  Staffoni  of  North  Branch,  Mich- 
igan, purchased  a  carload  of  pulverized  limestone  from  the  Solvay  Pro- 
cess Co.  of  Detroit.  This  was  packed  in  100  pound  paper  sacks  and  was 
plainly  marked  as  pulverized  limestone.  The  cost  of  the  limestone  was 
14.17  per  ton  laid  down  at  North  Branch.  Mr.  Stafford  called  it  a  "gov- 
ernment fertilizer"  and  sold  it  for  $12.00  i)er  ton,  claiming  it  to  be  a  lime 
and  phosphate  mixture. 

An  inspector  from  this  office  accompanied  by  Mr.  L.  T.  Bishop,  county 
agricultural  agent  of  Lapeer  county,  called  upon  several  men  who  had 
purchased  portions  of  the  shipment  and  drew  an  official  sample. 

After  a  chemical  analysis  proved  it  to  be  nothing  but  pulverized  lime- 
stone the  evidence  was  laid  before  the  prosecuting  attorney  of  Lapeer 
county.  On  June  21,  1918,  a  hearing  was  granted  Mr.  Stafford  in  the 
Justice  court  when  he  plead  guilty  to  the  charge.  He  was  bound  over  to 
the  Circuit  court  for  sentence  and  on  June  27  was  fined  |200  and  costs. 

In  justice  to  the  Solvay  Process  C'O.,  Detroit,  Michigan,  we  wish  to  say 
they  were  in  no  way  involved  in  the  case. 

Fertilizer  Prices 

The  rise  of  commercial  fertilizer  prices  during  the  past  two  or  three 
years  has  put  every  consumer  on  his  mettle  to  keep  the  cost  of  fertilizing 
down  as  low  as  possible.  One  means  has  been  the  curtailment,  and  in 
some  cases,  the  abandonment  of  the  use  of  potash,  especially  on  the  heavier 
soils  and  in  connection  with  crops  that  are  not  heavy  potash  feeders.  The 
increased  use  of  acid  phosphate  is  undoubtedly  due,  in  part,  to  this  same 
effort  to  reduce  the  ever  rising  costs. 

The  temptation  to  buy  low  grade  goods  which  seU  at  a  lower  price  per 
ton  is  strong,  even  under  normal  conditions  but  in  these  abnormal  times 
the  tendency  toward  the  lower  grade  fertilizers  has  seemed  to  be  greater 
than  ever.  That  this  practice  is  unwise  is  shown  in  the  following  discus- 
sion of  unit  costs  of  the  different  forms  of  plant-food. 

The  "unit"  method  of  computing  values  is  commonly  used  in  the  fertil- 
izer trade  and  the  reader  should  get  the  meaning  of  the  term  and  its 
application  clearly  in  mind.  One  unit  of  plant-food  is  understood  to  mean 
one  per  cent  on  the  basis  of  the  ton  and  hence  represents  20  pounds ;  thus, 
if  a  fertilizer  contains  one  per  cent  of  nitrogen  it  is  said  to  carry  one 
unit  of  nitrogen,  if  two  per  cent  then  there  are  two  units  of  nitrogen  in 
the  ton  and  similarly  for  the  other  plant-foods.  A  fertilizer,  then,  analyz- 
ing 1%  nitrogen,  8%  phosphoric  acid  and  1%  potash  carries  one,  eight 
and  one  units  of  the  plant-foods  in  the  order  named.  Knowing  the  ton 
price  of  a  fertilizer  containing  but  one  of  the  plant-foods,  as  for  instance 
an  acid  phosphate,  the  unit  price  of  the  particular  food  element  is  deter- 
mined by  dividing  the  ton  price  by  the  number  representing  the  percent- 
age. 

During  the  past  year  five  different  grades  of  acid  phosphate  were  sold 
in  the  State.    Of  the  18  per  cent  and  20  per  cent  grades  only  one  or  two 
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samples  were  collected  and  consequently  are  not  included  in  the  discus- 
sion. Several  samples  of  other  grades  were  found  and  the  average  selling 
price  and  unit  cost  of  phosphoric  acid  in  each  is  shown  in  the  following 
table : 


Unit  Cost  op  PnosrHORic  Acid 

Grade      fj 

IRetalT^ce. 

"  Unit  Cost  of 
1  Phosphoric  Acid. 

10% 

•^■te                tm 

t    $23.13 

25.58 

*         26.61 

$2.31 

14%     .  .     .    .            

1.83 

16% 

1.66 

It  is  readily  seen  that  as  the  grade  or  percentage  of  available  phosphoric 
acid  increases  the  cost  per  unit  of  plant-food  decreases. 

Assuming  that  $1.66  represents  the  average  unit  cost,  to  the  consumer, 
of  available  phosphoric  acid  in  16%  acid  phosphate  during  the  past  year, 
we  can  now  determine  the  cost  per  unit  of  ammonia  in  the  various  grades 
of  ammoniated  phosphate.  This  is  done  by  multiplying  the  number  of 
units  of  phosphoric  acid  by  the  price  per  unit.  This  result  is  then  sub- 
tracted from  the  price  per  ton  which  gives  the  cost  of  the  total  amount  of 
ammonia.  If  now  we  divide  this  by  the  number  of  units  of  ammonia,  we 
obtain  the  cost  of  ammonia  per  unit  in  that  particular  lot  of  fertilizer. 
As  an  example  let  us  assume  a  1-12-0  fertilizer  selling  at  $34.12  per  ton. 
Multiply  the  number  of  units  of  phosphoric  acid  by  the  price  per  unit 
(12Xfl.66=$19.92)  which  represents  the  value  of  the  available  phos- 
phoric acid.  Now  subtract  this  result  from  the  selling  price  ($34.12 — 
$19.92=$14.20)  and  the  result  will  be  the  cost  of  one  unit  of  ammonia. 
The  cost  per  unit  of  nitrogen  is  determined  by  dividing  the  unit  cost  of 
ammonia  by  the  factor  0.82  ($14.20-M).82=-$17.32) . 

The  unit  cost  of  ammonia  in  the  various  grades  of  ammoniated  phos- 
phate sold  in  the  State  during  the  "past  year  is  shown  in  the  following 
table: 


Formula. 

Average 

Retail 

Price 

per  ton. 

Cost  of 

Phoepboric 

Acid  at  $1.66 

per  unit. 

Cost  of 
Ammonia 
per  unit. 

Cost  of 
Nitrogen 
per  unit. 

i~12-0 

1-10-0 

$28.36 
30.01 
32.75 
35.92 
38.64 

$10.02 
16.60 
19.02 
13.28 
19.92 

$16.88 

14.31 

12.83 

12.64 

9.96 

$20.59 
17.45 
15.58 
15.41 
12.15 

1-12-0 

2-  8-0 

2-12-0 

Some  objection  might  be  raised  to  this  method  of  arriving  at  the  unit 
cost  of  ammonia,  especially  in  using  the  lowest  phosphoric  acid  unit  value 
for  determining  the  cost  of  the  phosphoric  acid  in  the  mixtures.  However, 
the  cost  of  manufacturing  any  of  the  various  grades  of  ammoniated  phos- 
phate, exclusive  of  materials,  should  not  be  much  greater  than  the  cost  of 
making  16%  acid  phosphate  for  the  process  is  practically  the  same,  except 
that  in  making  ammoniated  phosphate  the  ammonia-bearing  material  is 
mixed  with  the  rock  phosphate  before  the  sulfuric  acid  is  added.  What- 
ever extra  overhead  expense  is  incurred  therefor  should  rightly  be  charged 
up  to  the  ammonia.   On  the  other  hand  if  the  ammonia-phosphate  mixture 
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is  made  by  adding  aa  ammoniate  to  a  ready-made  acid  phosphate  by  the 
dry-mix  process  then  it  would  be  necessary  to  use  a  16%  phosphate  in 
most  cases  and  the  extra  cost  of  the  mixture  over  and  above  the  same 
amount  of  16%  acid  phosphate  should  be  charged  to  the  ammonia.  Fur- 
thermore, it  is  not  our  purpose  to  attempt  to  show  actual  values  but  to 
demonstrate  the  difference  in  cost  of  the  plant-food  to  the  farmer  between 
the  low  and  high  grade  fertilizers.  In  the  case  of  the  ammoniated  phos- 
phates sold  in  the  State  during  the  year  the  difference  between  the  cost 
of  the  ammonia  in  the  ^-12-0  and  the  2-12-0  formulas  is  very  marked  and 
a  glance  at  the  above  table  should  deter  any  thoughtful  person  from  pur- 
chasing the  lower  grade  fertilizers.  We  are  not  in  any  way  criticising  the 
manufacturers'  prices  on  the  lower  grade  formulas  since,  for  aught  we 
know,  the  retail  prices  that  prevailed  last  year  on  these  formulas  may  be 
as  low  as  it  would  be  possible  to  make  them  and  provide  a  fair  profit  to  the 
manufacturers.  However,  we  do  know  that  those  farmers  who  purchased 
the  lower  grade  formulas  paid  a  much  higher  cost  per  unit  of  plant-food 
than  did  those  who  bought  the  higher  grade  goods. 

In  arriving  at  the  unit  cost  of  the  potash  we  have  followed  the  same 
method  as  used  in  determining  the  unit  cost  of  ammonia  except  that  we 
used  the  phosphate-potash  mixtures.  There  was  a  much  smaller  amount 
of  these  mixtures  sold  in  Michigan  during  1918  than  of  the  ammoniated 
phosphates  but  the  number  of  samples  obtained  were  probably  just  as 
large  in  proportion  to  the  amount  sold  so  that  the  average  retail  prices 
should  be  as  representative  as  in  the  case  of  the  ammoniated  phosphates. 


Grade. 

Average 
RetaU 
Price. 

Cost  of 

Phosphoric 

Acid  at  $1.66 

per  irnit. 

Cost  of 
Potash 
per  unit. 

O-lO-l 

I  $30;83 

^30  04 

.     36  00 

$16160 
19  92   ^ 
19  92 

$14123 

0-12-1 

11  02 

0-12-2 

8  04 

Here,  also,  we  find  that  in  the  higher  grade  or  higher  analysis  mixtures 
the  cost  per  unit  of  potash  is  considerably  lower  than  in  the  lower  grade 
goods. 

Now,  if  we  use  the  lowest  unit  values  for  ammonia,  phosphoric  acid  and 
potash  that  have  been  obtained  in  the  various  cases  (ammonia  $9.96,  phos- 
phoric acid  $1.66,  potash  $8.04)  and  compute  the  value  of  the  various 
complete  fertilizers  we  obtain  some  very  interesting  data. 


Formula. 

Computed 

Value 

per  ton. 

Average 

Retail  Price 

per  ton. 

1-8 

-5 

$63  44 
55  92 
54  26 
49  28 
41  24 
39  32 
37  92 

30  64 
32  94 

31  28 
26  30 
29  62 
29  62 
28  09 

$60  00 

2     -12 

-2 

54  00 

2H~  8 

-2 

49  00 

2-8 

-2 

46  00 

2-8 

-1 

40  29 

1-8 

-2 

- 

40  94 

1     -12 

-1 

39  01 

1     -10 

-Vb 

35  92 

1-9 

-I. : : : ; : : 

35  73 

1-8 

-1 

35  59 

H   -  8 

-1 

36  50* 

H   -10 

-1 

33  07 

1-7 

-1 

33  86 

H-liH 

-yi 

32  10 

*FQil  priou  onhf. 
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A  study  of  the  above  table  shows,  first,  that  the  average  retail  price  of 
the  higher  grade  formulas  was  lower,  in  every  case,  than  the  computed 
value,  and  second,  the  average  retail  price  of  the  lower  grade  formulas 
(those  that  contain  one  per  cent  or  less  of  ammonia  with  a  corresponding- 
ly low  percentage  of  potash)  is  higher  than  the  computed  value.  The  dif- 
ference varies  from  ?1.09  in  the  1-12-1  formula  to  f  10.20  in  the  1/2-8-!  for- 
mula. The  average  difference  is  considerable  and  it  is  evident  that  in  buy- 
ing these  low  grade  formulas  the  farmer  pays  the  fertilizer  companies  for 
a  service  that  is  of  no  value.  This  service  may  be  accounted  for  by  tlie 
filler  that  would  be  required  to  dilute  the  higher  grades  or  to  the  cost  of 
handling  a  larger  amount  of  low  grade  ammoniate  or  potash  material. 
Furthermore  in  the  lower  grade  fertilizer  the  overhead  expense,  or  cost 
of  manufacture  exclusive  of  materials,  freight,  etc.,  constitutei?  a  larger 
percentage  of  the  selling  price  than  in  the  higher  grade  fertilizers,  all  of 
which  accounts  for  the  higher  unit  cost  of  the  plant-food. 

Once  more  we  wish  to  call  attention  to  the  fact  that  the  computed  values 
given  in  this  table  do  not  necessarily  represent  the  true  market  values  but 
in  comparison  with  the  retail  prices  they  demonstrate  that  the  low  grade 
fertilizers  are  the  most  expensive.  Also  we  make  no  recommendation  as 
to  the  type  of  fertilizer  one  should  use,  this  depends  upon  many  factors 
which  cannot  be  discussed  here  but  having  determined  upon  the  type  of 
fertilizer,  be  it  acid  phosphate  or  a  complete  fertilizer,  the  foregoing  data 
demonstrate  the  advisability  of  buying  the  higher  grade  formulas.  Fur- 
thermore the  analytical  results  published  in  the  following  pages  show  that 
the  higher  grade  complete  fertilizers,  as  a  general  rule,  carry  a  better 
quality  of  ammoniate  or,  in  other  words,  the  nitrogen  in  the  higher  grade 
complete  fertilizers  would,  in  general,  be  more  readily  available  than  the 
nitrogen  of  the  low  grade  fertilizers. 

Tn  connection  with  the  foregoing  discussion  it  is  interesting  to  note  thnt 
a  movement  is  on  foot  among  the  manufacturers  to  reduce  the  number  of 
fertilizer  brands  and  eliminate  all  those  with  less  than  14  per  cent  of 
available  plant-food. 
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SOME   INFORMATION  AND   SUGGESTIONS   CONCERNING  THE 
USE  OF  PHOSPHORUS. 


Bulletin  No.  284 


M.  M.  McCooL,  G.  M.  Grantham,  C.  E.  Millar. 

INTRODUCTION. 

Phosphorus  is  known  to  have  been  used  in  Europe  as  early  as  165.'^ 
for  soil  improvement.  In  this  country  its  benefits  were  early  recognized 
and  the  amount  applied  to  the  soil  has  steadily  increased  until  it  is 
made  use  of  with  safe  margins  of  profit  in  all  the  older  agricultural 
regions.  Moreover,  it  has  been  found  to  be  profitable  on  some  of  the  more 
recently  developed  lands.  Of  course,  there  are  several  explanations  for 
its  wide  popularity. 

This  report  discusses  terms  used,  forms  in  which  phosphorus  may  be 
purchased;  its  effect  on  crop  growth  and  on  the  soil;  the  time,  manner 
and  amount  to  apply;  removal  of  phosphorus  from  Michigan  farms; 
the  amount  of  Commercial  phosphate  required  to  make  good  this  loss; 
soil  composition;  and  some  results  obtained  from  the  judicious  use  of 
phosphorus.  mm^^w^^. 

Terms  Used.  It  is  rather  unfortunate,  since  it  confuses  some,  that 
several  terms  are  used  in  referring  to  this  valuable  element  of  plant- 
food.  These  are  used  somewhat  loosely,  but  strictly  speaking  they  convey 
a  definite  meaning  to  the  chemist  or  to  those  who  have  some  knowledge 
of  chemistry.  It  is  sometimes  spoken  of  as  phosphorus,  as  phosphoric 
acid,  and  as  phosphate. 

When  it  is  stated,  for  example,  that  a  substance  contains  4.4  per  cent 
of  phosphorus  it  means  the  same  thing  as  when  it  is  said  that  it  contains 
10  per  cent  phosphoric  acid.  Thus,  in  order  to  express  the  phosphorus 
content  of  a  substance  as  an  equivalent  amount  of  phosphoric  acid  it 
must  be  multiplied  by  2..S  and  in  order  to  express  the  phosphoric  acid 
content  of  a  substance  as  an  equivalent  amount  of  phosphorus  it  must  be 
multiplied  by  .44.  Many  farmers  use  the  term  phosphate  in  a  very  general 
or  broad  sense,  all  kinds  of  fertilizers,  those  containing  only  phosphorus 
as  well  as  mixed  goods,  being  spoken  of  as  phosphates.  The  term  phos- 
phate as  used  in  this  report  refers  to  one  or  all  of  the  three  carriers 
spoken  of  below. 

Carriers  of  Phosphorus,  There  are  three  phosphates  or  carriers  of 
phosphorus,  aside  from  mixed  goods,  which  are  worthy  of  mention  so 
far  as  Michigan  agriculture  is  concerned,  namely:  raw  rock  phosphate, 
bone  meal,  and  acid  phosphate. 

Raw  rock  phosphate  or  "floats"  is  found  in  natural  deposits  and  has 
been  extensively  mined  in  South  Carolina,  Florida  and  Tennessee.  Other 
deposits  are  also  known  to  exist  in  Alabama,  North  Carolina,  Nevada, 
Pennsylvania,  Arkansas,  Idaho,  Wyoming,  Utah  and  Montana.  The  phos- 
phorus occurring  in  this  carrier  is  slow  acting  when  applied  to  the  soil 
^nd  conse(|uently  it  shoql4  bp  a<?ded  in  Jar^e  quantities, 
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Finely  ground  bone  or  bone  meal  is  obtained  from  packing  and  other 
slaughter  houses  and  is  somewhat  more  active  in  its  effect  on  the  crops 
than  raw  rock  phosphate  and  therefore  the  applications  consist  of  some- 
what smaller  amounts. 

Acid  phosphate,  the  most  extensively  used  in  Michigan,  is  derived 
chiefly  from  raw  rock  phosphate  and  is  manufactured  by  adding  about 
one  ton  of  strong  sulphuric  acid  to  one  ton  of  the  floats.  As  a  result  of 
this  mixture  the  acid  is  neutralized  and  the  phosphorus  is  converted 
into  a  much  more  active  or  available  condition.  Bone  meal  may  be  treated 
in  a  similar  manner.  The  product  obtained  is  commonly  spoken  of  as 
acidulated  bone,  or  soluble  bone  and  the  phosphorus  exists  in. the  same 
form  as  it  does  when  floats  are  treated  with  the  acid. 


Figure  1. — Alfalfa  is  an  exactlDg  crop  requirlDg  an  abundance  of  lime  and  other  elements  of 
plant-food.  The  plants  on  the  right  are  typical  of  those  growing  on  limed  sandy  soil,  those 
on  the  left  were  taken  from  the  same  soil  to  which  had  been  applied  lime  and  300  pounds 
of  acid  phosphate  per  acre.    Ingham  County  sandy  soil. 

Effect  of  Phosphorus  on  Crops.  An  application  of  phosphorus  in  suit- 
able quantities  to  soils  deficient  in  this  plant-food  element  proves  to  be 
beneficial  in  several  respects.  It  is  known  to  increase  tremendously  the 
root  production  of  plants,  causing  them  to  strike  more  deeply  into  the 
soil  aa  well  as  to  be  more  numerous  in  the  surface  soil.  This  has  been 
reported  to  be  of  value  during  periods  of  drouth,  enabling  the  plant  to 
draw  upon  larger  areas  of  soil  for  water  and  elements  of  plant-food.  It 
results  in  greater  leaf  and  stem  development,  and  aids  materially  in 
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grain  or  seed  formation  and  speecls  up  the  maturity  or  shortens  the  length 
of  the  growing  season.  It  may  also  raise  the  feeding  value  of  the  crops 
produced.  It  is  maintained  by  agricultural  writers  that  the  most  nutri- 
tious pastures  in  England  and  the  best  dairy  pastures  in  France  are  those 
richest  in  phosphorus. 


FiflTure  2. — The  root  developmenf  of  plants  is  increased  by  available  plant-food  elements.  No.  1 
wheat  grown  in  untreated  soil.  No.  2  wheat  grown  In  soil  receiving  green  manure.  No.  3 
wheat  grown  in  soil  treated  with  acid  phosphate. 

Effect  of  Phosphorus  Carriers  on  Soils.  Phosphate  fertilizers  do  not 
injure  the  soil.  Some  farmers  are  reluctant  to  use  these  carriers  of  phos- 
phorus because  of  the  impression  that  they  may  prove  valuable  for  a 
time  and  later  lose  their  efficiency  leaving  the  soil  in  a  less  productive 
state  than  formerly,  markedly  increasing  the  need  for  lime,  decreasing 
or  '^burning  out"  the  organic  matter  and  injuring  the  tilth  of  the  soil. 
These  are  misconceptions  as  long  and  carefully  conducted  field  tests, 
notably  at  the  Bothamsted  Agricultural  Experiment  Station,  England, 
and  at  the  Pennsylvania^  Massachusetts;  Ohio  and  Illinois  Experiment 
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Stations,  have  shown  conclusively  that  the  continued  use  of  phosphorus 
oiQ  the  land  is  a  safe,  sane  and  business  like  operation  as  measured  by  the 
increase  in  yield  of  the  crops  grown  and  the  effect  upon  the  soil.  The 
lime  content  of  the  soil  is  not  markedly  changed  by  the  use  of  either  acid 
phosphate  or  bone  meal.  Inasmuch  as  raw  rock  phosphate  or  "floats" 
sometimes  contains  appreciable  quantities  of  carbonate  of  lime,  its  use 
results  in  the  lessening  of  the  so-called  acid  or  sour  condition.  Our 
investigations  on  the  solubility  of  soils  that  have  been  treated  with  certain 
phosphates  indicate  that  their  presence  decreases  the  rate  of  solubility 
of  some  of  the  mineral  constituents  and  thus  reduces  the  losses  djie  U 
leaching.  ^      ..  ^^  :,.  .     ' .^L-.-L  i  i 


FifiTure  3. — Wheat  respoDds  to  phosphorus.  On  the  right  typical  heads  of  wheat  grown 
on  untreated  soil,  on  the  left  heads  of  wheat  grown  on  the  same  soil  treated  with 
200  pounds  of  acid  phosphate. 

Now  with  respect  to  the  effect  upon  the  tilth  of  the  soil  it  is  doubtless 
true  that  as  a  result  of  their  application  there  is  a  tendency  toward  an 
improvement  of  the  soil  on  account  of  the  increase  of  the  vegetable  matter, 
if  care  is  taken  to  conserve  it.  Of  course,  if  rotation  of  crops  and  proper 
tillage  are  not  practiced  and  the  manure  and  crop  residues  not  returned 
to  the  land  the  tilth  of  the  fine  textured  soils  will  be  impaired  but  not 
necessarily  to  greater  extent  with  the  fertilizer  than  without  it. 

Amount  to  Apply.  The  amount  of  phosphate  fertilizer  to  apply  to  the 
soil  depends  upon  the  carrier  and  the  kind  of  crops  grown  and  the  nature 
of  the  soil.  The  law  of  diminishing  returns  should  always  be  considered, 
that  is  to  say  a  small  application  of  a  phosphate  fertilizer  results  in  a 
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greater  percentage  of  increase  of  crop  than  does  a  larger  one.  This 
means,  of  course,  that  there  is  a  limit  to  the  profitable  nse  of  them,  inas- 
much as  the  cost  of  the  fertilizer  rises  in  direct  proportion  to  the  amount 
used ;  the  rate  of  increase  in  the  yield  does  not  do  so  after  a  certain  point 
is  reached  and,  finally  the  value  of  the  product  becomes  less  than  the  cost 
of  the  fertilizer.  Naturally  those  who  cannot  afford  to  take  chances  on 
the  weather,  fluctuation  in  prices,  and  other  conditions  should  be  some- 
what more  conservative  in  their  use  than  others.  The  law  of  diminishing 
returns  with  respect  to  the  use  of  fertilizers  is  illustrated  in  figure  4. 

W|iere  rock  phosphate,  the  slow  acting  form,  is  utilized  as  a  source 
of  phosphorus,  the  applications  range  in  amount  from  1000  to  2000 
pounds  per  acre,  the  slow  availability  being  made  up  for  in  quantity. 
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Figure  4. — The  law  of  diminishing  retorns  should  be  considered  in  using  fertilizers.     The 
greatest  returns  on  the  investment  may  not  be  obtained  from  very  large  applications. 


It  is  generally  agreed  that  this  material  is  most  effective  when  applied 
to  the  soil  along  with  barnyard  manure,  green  manures,  or  crop  residues. 
If  the  soil  is  low  in  organic  matter  the  larger  applications  are  usually 
advisable. 

Bone  meal,  being  somewhat  more  active  than  the  floats,  is  used  in 
smaller  quantities.  ^Tiere  it  is  applied  to  the  soil  to  increase  the  yield 
of  small  grains  and  grasses,  300  to  600  pound  applications  per  acre  are 
made  and  1000  or  more  pounds  for  the  larger  cash  crops.  This  form  is 
riot  extensively  used  in  Michigan. 

The  active  form  or  acid  phosphate  is  applied  to  the  small  grains  and 
grasses  in  amounts  ranging  from  80  to  300  pounds  per  acre,  the  average 
being  about  200  pounds;  for  potatoes,  beets  and  tomatoes,  300  to  500 
pounds  are  usually  considered  ample  while  somewhat  larger  amounts  are 
sometimes  utilized  for  the  production  of  cabbage,  onions  and  celery. 
It  is  generally  considered  to  be  inadvisable  to  mix  acid  phosphate  with 
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either  caustic  lime  or  wood  ashes  and  if  mixed  with  nitrate  of  soda  the 
mixture  should  be  applied  immediately. 

Where  to  Apply.  It  is  usually  advisable  to  fertilize  the  rotation. 
Phosphates  are  fixed  or  held  by  the  soil  until  utilized  by  growing  plants, 
although  when  acid  phosphate  is  applied  to  light  sands  it  may  be  washed 
downward  to  some  extent.  This  means  that  crops  following  in  the  rota- 
tion are  benefited  by  phosphorus  left  by  previous  crops.  It  is  generally 
considered  that  about  two-thirds  the  cont  of  the  application  of  acid  phos- 
phate should  be  charged  to  the  first  crop  and  the  remainder*  to  those  that 
follow  in  the  rotation.  In  case  of  the  floats  these  figures  do  not  apply 
and  it  is  usually  the  practice  to  add  them  to  the  clover  or  other  sod  before 
plowing  and  repeat  the  application  in  from  four  to  six  years,  depending 
upon  the  size  of  the  application  and  the  crops  grown.  It  is  advisable  to 
apply  the  bone  meal  or  acid  phosphate  to  the  grain  crops  in  the  rotation 
as  illustrated  by  figures  6  and  7.    In  several  sections  it  is  becoming  more 


Figrure  6. — Oats  growing  on  Van  Buren  Co.  sandy  soU.  On  the  left  1000  pounds  of  rock 
phosphate  per  acre  were  applied  to  corn  before  the  oats.  On  the  right  2000  pounds  were 
added.    It  pays  to  use  the  rock  phosphate  freely. 


and  more  difficult  to  obtain  suitable  stands  of  clover  with  small  grains, 
as  a  result  proper  rotation  of  crops  becomes  difficult.  It  is  doubtless 
true  that  the  lack  of  both  lime  and  phosphorus  in  the  soil  accounts  in  a 
large  measure  for  this  undesirable  condition  and  judicious  applications 
of  these  result  favorably  as  illustrated  by  figure  8. 

How  to  Apply.  There  are  several  methods  of  applying  these  fertilizers. 
Raw  rock  phosphate  is  applied  by  means  of  a  lime  and  phosphate  dis- 
tributor, fertilizer  drill,  or  with  the  manure  spreader  when  the  manure 
is  applied  to  the  soil.  Bone  meal  may  be  broadcasted  and  incorporated 
with  the  soil  when  the  seed  bed  is  prepared,  distributed  by  means  of  a 
fertilizer  distributor  or  attachment  to  the  grain  drill. 
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Ltw  4<.a  tt;c4ci^  PhoifUte  Manure.  \Ut«J.  App^  //er<  /      y4;C  A^U  P^«%fk*tt. 


SmiJl  Gr*^in 


A    FOUR  YEAR   CASH  CROP  ROTAT/OIV. 

Figure  6. — Owing  to  the  residuary  effects  of  phosphates  the  rotation  should  be  fertilized.  A 
four  year  rotation  for  the  finer  textured  soils  showing  the  places  to  apply  phosphates  to 
best  advantage. 


mdtn^'M^tm^iiimeS^  i«»iJi».M»mmii6m0llk.  m,Ji>.^iMl^>iiiM^^ 


'll^l/iilt'l'^'m  ''':i'/'J^  !'£:k 
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Clovei-S    [if- Rock  PhospUU  ii  \~'     A  Culhvftfed   Crop. 
AJAnurB     V*^sed,    A/)p/y   Were    /  )6^   AciJ   Rfio5p/iA/«. 


BII|ll|fWll|HmilRl!IillU|W^ 

f^y«.     deeded   ^•  C/«ver. 
Lime  And   ffc^  Acid   Pfro»f»K*te. 


A  THREE  YEAR  fK)T^T^QN  FOR  SMOY  50IL 

Figure  7. — Rotation  for  sandy  soil  showing  where  to  apply  phosphate  fertilizers. 
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FifiTure  0. — Lime,  rock  phosphate  or  other  fertilisers  may  be  applied  by  means  of  a  combination 
sower. 


ALout    so  percent  .f  Oc   n^U^v    phsi^f^Uti 

Ht€  totirt  roof  Jcr./op-  on   tU    Jur^e.  •/"  th*  »#ft 

n»«nf  •/■  crops    ,s  ,»r.  pi^^^  ^^  ^^^^^  ^^ 

stict   of  ft«i/. 
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FifiTure  10. — Bxcept  when  used  in  top  dressing  permanent  meadows  and  pastures  phosphatle 
fertilizers  should  be  incorporated  with  the  soil. 
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Acid  phosphate  is  sometimes  applied  in  the  hill  for  corn  or  potatoes 
that  is  where  small  applications  are  made.  This  is  not  generally  advisable 
inasmuch  as  the  crops  that  follow  do  not  receive  much  benefit  from 
the  residues.  Some  broadcast  it  by  hand  after  the  land  is  plowed  and 
work  it  into  the  soil  when  the  seed  bed  is  being  prepared.  The  majority 
of  farmers,  however,  apply  it  by  means  of  the  fertilizer  drill  or  attach- 
ment on  the  grain  drill.  In  some  cases  it  is  sprinkled  over  manure  in  the 
spreader  and  applied  along  with  it. 

The  fact  should  not  be  overlooked  that  the  efficiency  of  these  fertilizers 
is  dependent  upon  their  thorough  incorporation  with  the  surface  layer 
of  soil.  i 

The  reinforcement  of  farm  manure  with  phosphorus  is  sound  practice. 
Farm  manure  in  comparison  with  commercial  fertilizers  is  unbalanced. 
It  may  be  cited  for  example  that  a  2-8-2  fertilizer  mixture  or  one  con- 
taining two  per  cent  of  ammonia,  eight  per  cent  phosphoric  acid  and  two 
per  cent  potash  is  widely  used.  Ordinarily  mixed  farm  yard  manure 
contains  about  .5  per  cent  nitrogen,  .25  per  cent  phosphoric  acid  and  .6 
per  cent  potash,  thus  being  deficient  in  phosphoric  acid.  By  supple- 
menting the  manure  with  phosphorus  smaller  applications  of  manure 
may  be  made  with  better  results. 
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Relative       dmounfs     of     nitrogen,    phosphoric,   ac/c/,     and   jJotas/i 
in   d    Z't'Z     commcrcidi    fertilizer. 
Figure  11. 
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The  Phosphorus  Balance  of  Michigan  Soils.  The  amount  of  phos- 
phorus lost  annually  from  Michigan's  soils  is  of  great  concern  to  the  com- 
monwealth. The  figures  in  table  I  show  as  nearly  as  can  be  estimated 
the  quantity  of  this  element  of  plant-food  removed  by  the  staple  crops 
and  pastures,  but  not  including  fruit,  mint,  chicory,  or  vegetables  such 


^ , — ^^^^ 


^^>^ 


<^ 


f/itro^Qn 


PoUsh 


Relative      ak.mounts     of     nitrogen.      p/iosp/«>ric  dc/c/     dnc/     pot^^d 
in     f^rm     manure 
Figure  12. 


as  the  onion,  cucumber,  cabbage  and  others,  and  in  addition  the  amount 
of  phosphorus  returned  to  the  soil  in  farm  manures  and  commercial 
fertilizers.  The  fertilizers  are  considered  to  carry  10  per  cent  phosphoric 
acid. 

TABLE  I.— PHOSPHORUS  BALANCE  OP  MICHIGAN  SOILS. 


Phosphorus  removed  from  the  soil 

Phosphorus  returned  In  farm  manures 

Phosphorus  returned  In  commercial  fertilizers 

Total  phosphorus  returned  to  soil 

Phosphorus  lost  from  the  soil 


Pounds 
annually. 


77,999,878 
46,304,763 
8,732,000 
55,036,763 
22,962,918 


These  figures  reveal  rather  striking  conditions.  There  are  being  lost 
annually  about  22,900,000  pounds  of  phosphorus  from  our  soils.  It  is 
true  that  as  yet  we  are  not  ready  to  ignore  the  phosphorus  content  of 
many  of  the  soils,  that  is  supply  it  in  sufficient  quantities  to  meet  the 
requirement  of  the  crops  grown.  Yet  we  are  approaching  this  situation 
and  in  case  of  many  fields  it  seems  to  have  been  reached,  and  to  these 
phosphorus  should  be  added  in  excess  of  the  amount  removed  by  the 
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crops  produced.  There  are  soils  now  practically  sterile  which  within 
the  memory  of  the  older  inhabitants  produced  abundant  yields  of  crops. 
Assuredly  this  condition  is  not  due  wholly  fo  the  depletion  of  available 
phosphorus,  but  that  it  is  an  important  factor  is  evidenced  by  the  bene- 
ficial results  received  by  many  farmers  who  have  made  use  of  phosphatic 
fertilizers. 


of    phosphorus 
^cmovec^dnnuAWy 
from  Miciiierdn 


$01  h 


Y 


of  phosphortJiS 
to  /^icl^g-^n 


Fi^rure  13. — If  Michigan   soils  are  to  continue   to  be  productive  or  are  to   be   increased   in 
productivity  the  use  of  the  phosphorus  must  become  general. 

The  phosphorus  situation  on  a  given  farm  is  governed  largely  by  the 
system  of  farming  followed,  the  amount  of  feed  purchased  and  the  care 
of  the  manure  produced.  In  the  light  of  our  present  day  knowledge  the 
conditions  with  respect  to  this  element  of  plant-food  on  a  dairy  farm  is 
about  as  given  in  table  2. 
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TABLK    2.— THK    PUOSPUOKUS    BALANCE    ON    A    DAIRY    FARM    WHICH    CARRIES    20 
COWS,  10  CATTLE,  20  HOGS  AND  5  HORSES. 


Phos- 
phorus 
content 
pounds. 

Consumed  by  stock. 

Sold  from  farm. 

Retiu'ned  to  soil. 

Crops  produced. 

Produce. 

Phos- 
phorus 
content 
pounds. 

Produce. 

Phos- 
phorus 
content 
pounds. 

Produce. 

Phos- 
phorus 
content 
pounds. 

Hay,  10  acres,  20 T . . 

Com.  10  acres: 
Grain.  400  bu 

88.0 

64.0 
32.0 

100.0 

139.2 
52.8 

54.4 
19.0 

64.0 
20.8 

210.0 

20  T. 

260  bu. 
7.6T. 

100  T. 

800  bu. 

Fed  6.6 T. 

Bedding 

17.6. 

340  bu. 

88.0 

40.0 
20.0 

100.0 

92.8 
11.4 

160  bu. 

24.0 

Stover,  12  T 

4.6 

12  0 

Corn,  10  acres: 
Silage,  100  T 

Oats.  20  acres: 

Grain.  1.200  bu.. . 

400  bu. 
6T. 

46.4 
10.56 

Straw,  30  T 

17.5 

30.84 

Barley,  10  acres: 
Grain.  340  bu 

64.4 



Straw,  11  T 

11  T. 
200  bu. 

19.03 
64.0 

Beans.  10  acres: 
Grain.  200  bu 

.f 

Stiaw.  8  T 

8T. 

20.8 

Pasture,  30  acres .... 

210.0 

Purchased: 

Bran.  7.6  T 

7.6T. 

192.0 

Total  phosphorus.  .  . 

844.2 

809.1 

163.99 

63.64 

Loss  in  process  of  digestion  and  handling 

of  manure.  40  per  cent 320 . 6 

482.5 


phosphorous  returned  to  soil  in      482.5 
manure. 

Total  phosphorous  retiu^ed  to  soil      646 .  14 
Total  phosphorous  lost  from  farm.  298.06  lbs. 
Pounds  of  16  per  cent  acid  phosphate  needed  to  make  good  the  loss,  4,270. 

It  is  to  be  noted  if  one  purchases  7.5  tons  of  bran,  feeds  it  and  con- 
siders that  40  per  cent  of  the  phosphorus  does  not  return  to  the  soil  due 
to  its  retention  by  the  animals  and  losses  from  the  manure,  there  is  a 
deficit  of  298.06  pounds  of  phosphorus  on  a  100-acre  dairy  farm,  the 
conditions  being  as  outlined.  There  are  required  4270  pounds  of  16% 
acid  phosphate  to  replace  the  annual  loss. 

The  situation  is  different  on  a  farm  where  less  stock  is  fed,  less  feed 
purchased  and  much  of  the  crops  produced  is  sold.  Under  the  conditions 
outlined  there  are  required  annually  68:]0  pounds  of  16  per  cent  acid 
phate  to  meet  the  losses  entailed  on  a  90-acre  farm. 

That  the  system  of  farming  followed,  the  amount  of  feed  purchased  and 
the  care  of  the  manure  produced  govern  the  phosphorus  balance  on  a 
farm  is  further  supported  by  chemical  examinations  of  representative 

Tho  writers  arc  in<lebte«l  to  Profossors  Brown  and  Edwards  of  the  Animal  Husbandry  De- 
p.irtment  and  Professor  Ridell  of  the  Dairy  Department  for  data  regarding  the  weight,  feeding 
and  care  of  animals,  used  in  compiling  tables  2  and  3 
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soils  which  have  been  cropped  for  about  seventy  years  without  the  return 
of  much  fertilizing  materials,  and  the  corresponding  virgin  or  uncropped 
soils.  Such  tests  of  course  show  wide  variation  in  the  changes  in  compo- 
tition  of  soils  from  different  farms.  In  some  instances  they  are  negli- 
gible; in  case  of  others  as  much  as  sixty  per  cent  of  the  phosphorus  of 
the  surface  soil  has  been  removed,  while  forty  per  cent  losses  are  common. 
Later  on  the  effect  of  different  systems  of  farming  or  the  changes  in  the 
composition  will  be  reported. 


TABLD  8.— THE  PHOSPHORUS  BALANCE  ON  A  90  ACRE  "MIXED"  FARM 
CARRIES  6  COWS.  4  CATTI.E.  14  HOGS  AND  5  HORSES. 


WHICH 


Phos- 
phorus 
content 
pounds. 

Consumed  by  stock. 

Sold  from  farm. 

Returned  to  soil. 

Crops  produced. 

Produce. 

Phos- 
phorus 
content 
pounds. 

Produce. 

Phos- 
phorus 
content 
pounds. 

Produce. 

Phos- 
phorus 
content 
poimds. 

Hay,  10  acres,  20  T . . 

88.0 

96.0 
48.0 

130.2 
62.8  T. 

64.4 
19.0 

96.0 
31.2 

39.9 

78.7 

17  T. 

287  bu. 
11,3  T. 

800  bu. 
Fed  8  T. 
Bedding 
8T. 

74.8 

46.0 
30.0 

92.8 
14.1 

3T. 
313  l)u. 

13.2 
60.0 

Com,  16  acres: 
Grain,  600  bu 

Stover,  18.1  T 

6.8  T. 

18.0  T 

Oats,  20  acres: 
Grain,  1,200  bu... 

400  bu. 

14.1  T. 

340  bu. 
11  T. 

300  bu. 

46.4 

24.6 

54.4 
19.0 

90.0 

Straw,  30  T 

Barley,  10  acres: 
Grain,  340  bu 

8T. 

14.1 

Straw,  11  T 

Beans,  15  acres: 
Grain,  300  bu 

' 

Straw,  1.2  T 

1.2 

31.2 

Potatoes,  6  acres: 
1,000  bu 

1000  bu. 

35.9 

Pastiu'e,  15  acres .... 

78.7 

Total  phosphorus .  .  . 

743.2 

336.4 

343.5 

63  3 

Loss  in  process  of  digestion  and  handling 

of  manure,  40  per  cent 134 . 6 


201.8 


phosphorus  returned  to  soil  in 
manure. 

Total  phosphorus  retxirned  to  soil 
Total  phosphrus  lost  from  farm,  478 . 1. 
Pounds  of  16  per  cent  acid  phosphate  neededltolmakejgoodlthe  loss,16,830. 


201  8 
.265.1 


Phosphorus  in  Some  Michigan  Soils.  The  phosphorus  content  of  Mich- 
igan's soils  varies.  The  members  of  the  Soils  Section  have  been  engaged 
in  a  systematic  study  of  the  representative  soils  of  the  State.  In  addition 
to  other  investigations,  the  composition  of  the  samples  collected  has  been 
determined.  The  results,  thus  far  obtained,  that  bear  upon  the  phos- 
phorus situation  are  set  forth  in  Table  4.  The  phosphorus  content  of  the 
representative  soils  of  Berrien,  Cass,  St.  Joseph,  Branch,  Van  Buren, 
Allegan,  Newaygo,  Mason,  Manistee,  Ingham  counties  and  the  Old  Lake 
Bed  of  Eastern  Michigan  is  given. 
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Kepresenting  as  they  do  much  of  the  lower  peninsula  these  figures  are 
of  great  interest  and  importance  to  the  future  welfare  of  the  common- 
wealth. They  show  that  oui-  soils  are  not  high  in  phosphorus.  A  soil 
that  contains  a  total  of  about  2000  pounds  of  phosphorus  per  acre  to  a 
depth  of  seven  inches  is  considered  to  be  well  supplied  with  this  element 
of  plant-food.  The  pine  and  scrub  oak  lands  usually  are  extremely  low 
in  this  substance,  the  prairie  soils  are  highest  and  others  occupy  an  inter- 
mediate position  with  respect  to  their  phosphorus  content. 


Figure  14. — Bundles  of  wheat  from  equal  areas  of  fertilized  and  untreated  silt  loam  soUs.  The 
bundles  on  the  right  in  each  group  were  grown  on  land  receiving  200  lbs.  per  acre  of  18 
per  cent  acid  phosphate. 

Table  4.    Phosphorus  in  the  surface  layer  of  typical  Michigan  soils. 

BERRIEN  COUNTY  SOILS. 

Pounds 
Description.  per  acre 

Undulating  to  level  sand  known  as  Covert  sand — scrub  oak  lands. 

Areas  occur  in  the  S.  W.  corner  of  county.    Principally  in  New 

Buffalo,  Chickaming  and  Lake  townships 884 

Heavy  silt  loam  with  heavy  subsoil  called  clay  soil.    Hickory, 

beech  and  maple  land.  Occurs  principally  in  Hagar  township. .  890 

Rolling  sand  to  heavy  sandy  loam  with  sandy  clay  subsoil.    Oak 

and  hickory  land.    Large  areas  occur  S.  W.  of  the  center  of  the 
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Pounds 
Description.  per  acre 

county.    Weesaw,  Berrien,  NUes  and  Three  Oaks,  Buchanan, 

Lake^  Bertrand,  Oronoko  townships 796 

Level  sand  along  St.  Joseph  and  Paw  Paw  river  and  Dowagiac 
creek.    Oak  land 1248 

Undulating  to  rolling  sand  largely  timbered  with  maple,  elm,  oak, 
hickory,  large  area  around  Arden 775 

Rolling  sand  original  timber  beech,  oak,  hickory  and  maple,  fruit 

•  land.  Occurs  principally  in  Watervliet,  Bainbridge  and  Pipe- 
stone townships 1206 


Figure  15. — Some  soils  resiA>nd  to  nitrogen,  phosphorus  and  potassium  in  the  initial  stages  of 
their  improvement.  Rye  growing  on  Cass  County  farm,  on  the  right  no  treatment,  on  the 
left,  nitrate  of  soda,  acid  phosphate  and  potash. 


CASS  COUNTY   SOILS. 

Undulating  to  rolling  sand  with  a  sandy  subsoil.  Oak  and  beech 
land  found  in  Milton,  Howard,  LaGrange,  Wayne,  Silver  Creek 
townships    1018 

Undulating  to  rolling  sandy  loam,  original  timber  beech,  maple, 
hickory,  basswood.  Occurs  principally  in  LaGrange,  Silver 
Creek  and  Porter  townships 1117 

Undulating  loam,  original  timber  beech,  maple,  hickory  and  bass- 
wood.  Areas  found  in  Pokagon,  Penn,  Calvin,  Mason,  Porter, 
Newberg,  Marcellus  and  Volinia  townships 1227 

Prairie,  Volinia,  Penn  and  Milton  townships 1903 

ST.   JOSEPH   COUNTY  SOILS. 

Prairie  soils,  areas  near  Colon,  Flowerfield  Station,  Mendon, 

Sturgis,  White  Pigeon  and  Three  Rivers 1093 

Level  sand  typical  of  large  areas  throughout  the  county — oak, 
maple   787 
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rounils 
Di'scriptiou.  per  acre 

Undulating  sand  with  yellow  sand  subsoil.  Areas  in  Colon, 
Constantine,  Park  and  Mendon  townships.    Oak,  beech,  maple  914 

Undulating  to  rolling  sandy  loam  to  silt  loam.  Beech  and  maple 
land,  large  areas  in  lioonidas  and  Mendon  townships VA'Z 

Undulating  sandy  loam  with  sandy  subsoil — ^beech,  maple  and 
oak  land.  Areas  found  in  Flowerfield,  Sturgis,  Fawn  River 
and  Park  townships 954 

BRANCH  COUNTY  SOILS. 

Undulating  to  rolling  sandy  loam  to  silt  loam,  Hickory,  maple, 
oak  and  beech.  Large  areas  in  all  townships  except  Bethel 
and  Noble 1115 

Level  sand  areas  throughout  county,  oak 992 

Level  sand  to  sandy  loam.  Oak,  maple.  Areas  in  Ovid,  Butler, 
Giriad,  Sherwood,  Union,  Batavia  and  Matteson 1139 

Undulating  to  rolling  sand  to  sandy  loam.  Oak,  hickory,  beech, 
occurs  principally  in  the  eastern  part  of  Bethel  township 1001 

Undulating  sand  (glacial  outwash)  southwest  corner  of  Noble 

township,  poplar,  red  oak,  elm,  ash 1017 


FifTure  16. — The  response  of  crops  to  applications  of  phosphoms  to  some  soils  is  remarkable. 
Oats  growing  on  Van  Buren  County  soil ;  on  the  right  the  soil  received  2000  pounds  of  raw 
rock  phosphate  per  acre  the  previous  year,  on  the  left  no  phosphate  was  applied. 


VAN  BUREN   COUNTY   SOILS. 

Poor  rolling  sand,  original  timber  oak  and  beech,  occurs  prin- 
cipally in  Decatur,  Porter,  Almena,  Antwerp  and  Paw  Paw 
townships 1)71 

Level  to  undulating  sand,  oak  openings,  large  areas  throughout 
county 9S5 
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Pounds 
Description.  per  acre 

Rolling  sandy  loam  called  Arlington  Hills,  timber  oak,  hickory 
and  beech,  areas  occur  in  Lawrence,  Bangor,  Waverly,  Arling- 
ton, Columbia  and  Bloomingdale  townships 884 

Rolling  sand,  oak  and  beech  timber  found  in  the  S.  W.  corner  of 
county  in  Hartford,  Keeler,  Bangor  and  Covert  townships 092 

Level  poor  sand  of  Covert  township.    Scrub  oak  land 659 

Rolling  sandy  loam  occurs  principally  in  Geneva  township.  Or- 
iginal timber  hickory,  maple,  beech  and  basswood 568 

Level  sand,  along  Paw  Paw  River,  Oak  land 1017 

-       ALLEGAN  COUNTY  SOILS. 

Upland  loam  soils  originally  timbered  with  beech,  maple,  oak  and 
walnut.  Large  areas  in  the  west  central  part  of  the  county. 
Small  area  throughout  the  county 627 

Clay  loam  soils  originally' growing  hickory,  elm  and  oak.  Areas 
generally  distributed  in  the  county 974 

Low  lying  dark  colored  sandy  soil,  original  timber  oak  and  wal- 
nut.   Areas  throughout  the  county 664 

Rolling  sandy  loam  originally  growing  oak,  maple,  beech  and 
hickory.  Large  areas  in  the  eastern  half  of  the  county.  Small- 
er areas  generally  distributed 794 

Black  clay  soil  which  was  covered  with  ehn,  oak  and  maple. 
Large  areas  lying  between  Allegan  and  northwest  corner  of 
the  county.    Small  areas  distributed  throughout  the  county. . .         10**15 

IVIASON   COUNTY   SOILS. 

Ash,  elm,  soft  maple 1043 

Pine  soils 559 

MANISTEE  COUNTY  SOILS. 

Tjevel  to  undulating  sand;  original  timber  pine,  second  growth 
scrub  oak.  Lower  areas,  poplar.  Areas  found  throughout  the 
county 612 

Level  to  undulating  sand ;  originally  grew  large  pines.  Second 
growth  principally  oak.  Areas  of  this  soil  are  distributed 
throughout  the  county 722 

Undulating  to  rolling  sand.  Mixed  timber  land.  Large  areas 
found  in  the  northwest  part  of  the  county 806 

Level  sand  along  the  Manistee  river  originally  grew  pine,  second 
growth  oak , 6i3 

Level  to  undulating  sand.  Original  timber  pine,  second  growth 
scrub  oak,  soil  quite  shallow.  Large  areas  found  in  the 
southeastern  part  of  the  county 584 

Level  to  undulating  sand  originally  growing  maple.  Soil  is 
deeper  than  the  pine  lands.  Areas  found  in  Maple  Grove, 
Bear  Lake  and  Brown  township 694 
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Poondt 
DeBcription.  per  acre 

INGHAM  COUNTY  SOILS. 

Undulating  silt  loam  to  clay  loam,  original  timber  beech  and 
maple.  Areas  occur  in  Leroy,  Delhi,  Alaiedon  and  Wheatfteld 
townships    1182 

Undulating  sandy  loams  to  loams,  original  timber  beech,  maple, 
oak  and  basswood,  occurs  principally  in  Williamston,  Vevay, 
Wheatfield,  Delhi  and  Alaiedon  townships 855 

KoUing  sand,  original  timber  scrub  oak  and  poplar,  with  some 
maple  and  elm.  Areas  occur  in  Ingham,  Bunker  Hill,  Meri- 
dian and  Onondaga  townships 912 

Rolling  sandy  loam  to  silt  loam.  Original  timber  beech,  maple, 
elm,  oak  and  hickory.  Areas  occur  in  Onondaga,  Stockbridge, 
Aurelius,  Leslie,  Williamston  and  Ingham  townships 952 

Level  sandy  soils  growing  oak  and  poplar.  Found  principally  in 
Locke,  Williamston,  Leslie,  Bunker  Hill  and  Stockbridge  twps.        1303 

Rolling  silt  loam  with  heavy  subsoil.  Hardwood  land — areas 
found  in  Brown,  Bear  Lake  and  Manistee  townships 718 


Fisrure  17. — Some  soils  are  very  deficient  in  phosphorus  and  where  applied  its  effects  on  plants 
are  very  striking  even  in  the  early  stages  of  their  development.  In  the  center  of  photograph 
is  shown  wheat  growing  on  untreated  sandy  loam  soil.  The  remainder  of  the  field  received 
200  lbs.  per  acre  of  acid  phosphate.     (Courtesy  of  H.  B.  Blandford) 

NEWAYGO  COUNTY  SOILS. 

Level  brownish  yellow  sand.  Original  timber  pine,  second- 
growth  scrub  oak.  Large  areas  in  Garfield,  Brooks,  Croton, 
Big  Prairie  and  Everett  townships 800 

Level  sand,  subsoil  gray  "water  sand."  Original  timber  pine, 
second-growth  oak  and  popular.  Areas  found  in  the  south- 
western part  of  the  county 519 

Rolling  sand  with  sandy  subsoil.  Original  timber  hardwood. 
Areas  around  Fremont  and  Grant 778 

Rolling  brown  sandy  loam  to  silt  loam  with  heavy  subsoil. 
Hardwood  land.  Areas  near  Aetna,  Ashland  Centre  and 
Grant  1105 
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Poundii 
Description.  per  acre 

Gently  rolling  grayish  brown  sand.  Original  timber  pine,  sec- 
ond-growth oak.    Areas  in  Troy  township. .  .•. 538 

Flat  gray  and  sand  plains  found  in  the  northwestern  part  of  the 
county.  Original  timber  pine,  second-growth  poplar  and  scrub 
oak    506 

Gray  sand  with  yellow  to  reddish  brown  sand  subsoil.  So-called 
"flats"  of  the  north  central  part  of  the  county.  Original  tim- 
ber pine.    Very  little  second  growth 552 

Level  brown  to  gray  sand.  Soil  quite  deep.  Large  pine  land 
areas  in  Barton  and  Norwich  townships 748 

Gray  sand  with  reddish  yellow  sand  subsoil.  Large  pine  land. 
Large  areas  in  GoodweU  and  Wilcox  townships 765 

Rolling  brown  sand  with  clayey  sand  subsoil,  original  timber 
large  pine  and  hardwood.    Large  areas  in  Ensley  township. . .         1317 

Boiling  brown  to  gray  sandy  loam  with  heavy  subsoil.  Hard- 
wood land  areas  in  eastern  Big  Prairie  and  Goodwell  twps 758 

V  SOILS  OF  THB  LAKE  BED  AREA  IN  EASTERN  MICHIGAN. 

Undulating  to  slightly  rolling  brown  silt  loam  on  yellowish 
brown  clay,  pre-dominating  type  of  soil  in  Macomb,  St.  Clair 
and  Huron  counties,  and  large  areas  occurring  in  Sanilac 
and  Oakland  counties 1304 

Level  to  undulating  or  rolling  brown  sand  underlaid  by  yellow 
sand  and  then  clay.  Areas  occur  along  Lake  Huron  and  the 
St.  Clair  and  Black  rivers.  Several  areas  occur  in  Huron 
county 530 

Undulating  to  gently  rolling,  brown  sandy  loam  containing  some 
gravel,  principally  in  St.  Clair,  Macomb  and  Oakland  counties        1092 

Sandy  ridges  of  southeast  corner  of  the  Lake  Bed  Area 1050 

Level  to  undulating  sand  underlaid  at  varying  depths  by  clay. 
Southeast  corner  of  the  Lake  Bed 1786 

Undulating  to  gently  rolling  sandy  loam  with  loamy  subsoil,  oc- 
curring where  larger  streams  enter  the  Lake  Bed  Area 751 

Black  sandy  loam  underlaid  by  grayish  sandy  clay  which  grades 
into  a  heavier  soil.    Areas  in  Saginaw,  Bay  and  Genesee  county        1115 

Black  silt  loam  on  yellowish  brown  clay  subsoil,  level  to  un- 
dulating.   Areas  occur  from  the  thumb  south  to  the  State  line        1610 

Low  lying  silt  loam  with  water  table  about  24  inches  below  the 
surface.  Used  for  hay  and  pasture  in  the  southeastern  part  of 
the  Lake  Bed  Area 917 

Dark  colored  sandy  loam  with  a  heavy  subsoil,  large  areas  of 
which  occur  in  Saginaw  and  Bay  Counties,  and  smaller  areas 
in  neighboring  counties 1150 

Dark  colored  silt  loam  on  a  heavy  subsoil  occurring  in  Iosco, 
Arenac,  and  other  counties  in  the  northern  part  of  the  Lake 
Bed  Area 1216 

Dark  colored  sandy  loam  with  gravely  subsoil  forming  the  Utica 
plains  of  Macomb  county 751 
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Pounds 
Description.  per  acre 

Dark  colored  loam  soil  with  clay  subsoil  occurring  in  Gratiot 
and  neighboring  counties 1264 

Dark  colored  silt  loam  underlaid  with  open  sandy  silt.  Found 
in  Sanilac  and  neighboring  counties 785 

Sandy  soil  underlaid  with  sand  for  about  3  feet  and  then  cli^y, 
occurring  in  Midland  and  other  counties  in  the  northern  part 
of  the  Lake  Bed  Area 765 


Fifir»ire  IS. — Tonmtoos,  on  tho  left  no  fortillzer,  on   the  right  acid  phosphate.     Sandy  soil  in 
Wayne  County. 

Results  Obtained  From  the  Use  of  Phosphorus.  A  safe  margin  of 
profit  may  be  derived  from  the  judicious  use  of  phosphorus  on  many  of 
Michigan's  sands,  loams,  clays  and  mucks.  In  determining  the  profits 
derived  from  the  use  of  phosphatic  or  other  fertilizers  the  increase  in  yield 
due  to  their  application,  the  cost  of  the  treatment  and  the  value  of  the 
product  grown  must  be  considered.  Let  us  suppose  for  example  a  200- 
pound  per  acre  application  of  16%  acid  phosphate,  costing  ^.20  on  the 
land,  increases  the  yield  of  wheat  9  bushels,  or  oats  25  bushels,  and  the 
clover  following  these  crops  1200  pounds  per  acre.  The  wheat  sold  for 
two  dollars  per  bushel  at  the  farm,  the  oats  at  seventy  cents  and  the 
clover  hay  was  worth  $15  a  ton  under  one  set  of  conditions.  At  another 
time  the  phosphate  cost  ?2.00  on  the  land,  the  wheat  brought  fl.OO  per 
bushel,  the  oats  forty  cents  and  the  clover  was  worth  $7.00  a  ton  at  the 
farm.  Now  what  are  the  net  profits  derived  from  the  investment  in  the 
fertilizer?    This  question  is  answered  in  table  5. 
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TABLE  5.— COMPAUATIVE  RETURNS  PROM  THE   USB  OF   ACID   PIIOSI'IIATE   UNDER 
CONDITIONS  OP  HIGH  AND  LOW  PRICES  FOR  PRODUCE  AND  FERTILIZER. 


Increased  yield  due 
to  fertilizer. 

Value  of 
increase. 

Total  value 
of  Increase 

Co«t  of  Fer- 
tilizer. 

6 
S 

o 
8 

Crop 

tirain 

Straw 

Cirain 
per  bu. 

Straw 
and  hay 
per  ton. 

Netpro 
use  of 
and  fe 

Wheat           . .    . 

9  bu. 

900  lbs. 
1.200  lbs. 

1,250  lbs. 
1.200  lbs. 

900*  lbs. 
1.200  lb8. 

1,250  lbs. 
1.200  lbs. 

$2  00 
.70 

1.00 
.40 

$3.00 
15.00 

3.50 
15.00 

1.50 
7.00 

2.00 
7.00 

Clover    

$28  35 

$3.20 

$3.50 

$21.65 

Oat8 

25  bu. 

Clover 

28 .  C9 

3.20 

3.50 

21.09 

Wheat 

9  bu. 

Cloved 

13.  S8 

2.00 

.3  00 

7.88 

Oats 

25  bu. 

15   45 

2  00 

3  (K) 

9  4.5 

The8e  figures  show  that  when  tliere  is  a  substantial  increase  in  yield 
from  the  use  of  phosphorus  a  greater  profit  may  be  derived  under  the 
first  set  of  conditions,  namely,  Iiigh  prices  for  fertilizer  and  crops  grown, 
than  under  the  latter,  or  lower  prices. 


Figure  19. — Some  soils  are  excoetlingly  responsive  to  fortilizors.  The  two  rows  of  corn  shown 
in  the  center  of  the  photograph  and  si'VtTal  in  tho  right  \vi»re  iiiif«»rtlll7.<Ml.  The  others 
received  125  pounds  per  acre  of  a  complete  fertilizer.     (Courtesy  of  C.  M.  Kidman) 

Furthermore,  there  is  a  tendency  to  overlook  the  importance  of  increas- 
ing crop  yields  by  means  of  lime,  phosphates,  manures  and  other  mater- 
ials to  the  farm  management  scheme.  Suppose  for  example  a  live-stock 
fai'mer  is  able  by  the  judicious  use  of  lime  and  phosphate  to  grow  satis- 
factory yields  of  alfalfa  or  clover  and  thereby  decrease  the  consumption 
of  high  priced  mill  feeds,  and  in  addition  the  grain  production  is  increased 
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by  the  growth  of  legumes.  This  means  that  more  livestock  may  be  main- 
tained more  cheaply  on  the  same  acreage,  or  the  same  number  on  a  smaller 
area  with  less  labor. 

TABLB  6.— HOURS  OF  HUMAN  LABOR  AND  HORSE  LABOR  AND  ACRES  OF  LAND  RE- 
QUIRED TO  PRODUCE  THE  SAME  AMOUNT  OF  CROPS  ON  AVERAGE  LAND  AND 
LAND  PROPERLY  DRAINED,  LIMED  AND  FERTILIZED. 


Amount 
produced 

Average  land. 

Drained.  Umed  and  fertilized 
land. 

Crop. 

Acres 
required 

Man 
hours 

Horse 
hours 

Acres 
required 

Man 
hours 

Horse 
hours 

Beans 

Oats 

Wheat 

Hay 

105  bu. 
600  bu. 
340  bu. 
25  tons 

24 
20 
22 
20 

840 
252 
360.6 
08 

084 
454 
778.8 
362 

10 

0 

10 

11 

350 
113.4 
168 
53.0 

410 
204.3 
354 
100.1 

Total 

86 

1.550.6 

2.578.8 

40 

685.3 

1 .167.4 

This  does  not  include  the  time  reqiilred  to  haul,  thresh  or  stack  the  produce. 

A  number  of  field  tests  have  been  made  to  determine  the  response  of 
different  classes  of  soil  to  treatments  with  acid  phosphate.  Some  of 
these  have  been  conducted  cooperatively  on  county  farms,  some  with 
farmers  and  others  with  county  agricultural  agents*  In  several  in- 
stances the  results  obtained  have  been  remarkable  indeed. 

Field  tests  have  .been  in  progress  three  years  at  the  Van  Buren  county 
farm  on  sandy  loam  soil.  The  first  year  com  was  planted  on  the  experi- 
mental plots,  but  owing  to  an  accident  the  yields  were  not  taken.  Ob- 
servations made  by  Grantham  during  the  growing  season  and  a  few  days 
previous  to  the  time  of  harvest  of  the  corn  revealed  that  the  presence  of 
either  raw  rock  phosphate  or  acid  phosphate  increased  the  rate  of  growth 
even  in  the  early  stages  of  its  development.  It  was  estimated  that  the 
yield  was  increased  seven  bushels  by  the  phosphorus. 

The  second  year  oats  were  seeded  and  the  yield  was  increased  by  the 
phosphorus  that  the  corn  crop  did  not  utilize,  as  shown  by  figures  5  and  16. 

Interesting  results  have  been  obtained  from  field  tests  at  the  Cass 
county  farm  on  sandy* soil.  These  have  been  in  progress  two  years,  and 
each  treatment  is  duplicated  or  in  other  words  two  different  portions 
of  the  field  receive  the  same  treatment.  The  yield  of  rye  on  three  plots  is 
given  in  table  7.  The  acid  phosphate  and  the  potassium  chloride  were 
applied  to  soy  beans  the  previous  year,  but  the  sodium  nitrate  was  applied 
to  the  rye  crop  50  pounds  at  the  time  of  seeding  and  50  pounds  in  early 
spring. 


The  writers  are  indebted  to  Mr.  C.  H.  Graves,  Farm  Mgt.  Demonstrotor,  for  much  of  the 
data  in  the  above  table. 

•At  this  time  we  desire  to  express  our  gratitude  and  acknowledge  our  indebtedness  to  these 
men  for  their  commendable  attitude  toward  the  different  lines  of  work  undertaken.  In  fact  the 
splendid  spirit  with  which  they  have  co-operated  has  made  it  possible  for  us  to  conduct  the 
neld  tests. 
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Table  7.    Result  of  field  tests  with  rye  on  Cass  Co.  Soil  1918. 

Yield  of  grain. 
Treatment.  Bus.  per  acre. 

16  per  cent  acid  phosphate  200  pounds  per  acre 

Sodium  nitrate  50  pounds  in  fall  and  50  pounds  in  spring 28 .  66 

Muriate  of  potash  200  pounds  per  acre 

No  treatment 15 .  60 

Increase  due  to  fertilizer ." 13 .  06 

16  per  cent  acid  phosphate  200  pounds  per  acre 

Sodium  nitrate  50  pounds  in  fall  and  50  pounds  in  spring 21 .01 

Increase  in  yield  over  untreated 5 .  41 

This  soil  is  deficient  in  vegetable  matter,  and  responds  to  applications 
of  complete  fertilizers  and  its  judicious  use  under  normal  conditions 
at  least  until  clover  is  established  in  the  rotation  is  profitable.  Sweet 
clover  responds  vigorously  to  lime  and  phosphorus  on  this  soil  as  illus- 
trated by  figure  21.  When  this  crop  is  established  in  the  rotation  of 
course  the  nitrogen  situation  is  largely  solved. . 

Duplicate  field  tests  were  conducted  on  a  sandy  soil  in  Kent  county  in 
co-operation  with  H.  G.  Smith.  Where  300  pounds  of  16%  acid  phos- 
phate were  applied  to  the  soil  the  yield  of  potatoes  was  materially  in- 
creased. 

Table  8.    Results  of  field  tests  on  Kent  County  Soils— 1916. 

Yields  per  acre 
Treatment.  bushel. 

No  treatment 100 

300  pounds  of  16  per  cent  acid  phosphate 132 

In  cooperative  experiments  with  S.  A.  Foster,  of  Ingham  county, 
applications  of  lime  as  marl  and  either  acid  phosphate  or  raw  rock  phos- 
phate have  resulted  profitably.  (See  figure  8.)  The  soil  in  question  is 
a  light  sandy  one,  badly  in  need  of  lime  as  evidenced  by  the  numerous 
failures  to  obtain  suitable  stands  and  yields  of  clover.  Although  this 
soil  is  not  suitable  for  the  production  of  oats,  this  crop  was  seeded  the 
first  season  as  a  nurse  crop  for  clover.  The  presence  of  the  lime  and 
•phosphates  increased  the  yield  of  oats  and  resulted  in  an  excellent  catch 
of  clover.  The  following  season  the  clover  on  the  treated  portion  of  the 
field  outyielded  that  on  the  untreated  land  and  was  of  much  better 
quality.    Moreover,  about  one  bushel  of  seed  was  obtained  per  acre. 

The  co-operative  investigations  with  several  farmers  have  been  gratify- 
ing indeed.  The  affects  of  acid  phosphate  when  applied  to  several  soils 
are  illustrated  by  means  of  photographs. 

Summary  and  Conclusions,  The  mineral  element  of  plant-food,  phos- 
phorus, is  popularly  referred  to  as  phosphoric  acid  and  phosphate. 

The  three  chief  carriers  of  phosphorus  are  raw  rock  phosphate,  bone 
meal  and  acid  phosphate. 

The  application  of  phosphorus  in  suitable  amounts  to  soils  deficient 
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in  it  revolts  favorably,  iDcreasing  the  root,  leaf  and  stem  developments 
aids  in  grain  formation  and  shortens  the  growing  period. 

The  effects  on  the  soil  are  beneficial  rather  than  harmful  and  its 
judicious  n«e  is  a  business-like  procedure. 

The  most  profitable  amount  to  apply  is  governed  by  the  nature  of  the 
soil,  carrier  used,  as  well  as  somewhat  by  the  prices  paid  for  the  fertiliser 
and  recreived  for  the  crop  grown. 

The  active  form  usually  should  be  applied  to  the  cash  crops  in  the 
rotation  and  the  other  if  used  when  sod,  meadow  or  other  crop  residues 
are  to  be  turned  under. 


Fijriiro  21.-  S\vf«'f  rlovi-r  r*'»prnHls  viporoiisl.v  fo  liino  ami  phosphorus.  On  some  of  th*»  lijiht 
«»ilH  p^itnKh  IK  ii»«*<I<'il.  ThiK  i-Iovtr  in  fn*<»winp  on  the  same  S'>il_a8  the  rye  shown  in  Figure 
ir*.     Th#'  r*'H»iIt  of  liiiH'  ami  a<  i^l  phfmphatr.     It  will  wilve  the  nitrogen  and  humus  problem. 

Phosphate  fertilizers  may  be  applied  in  several  ways,  but  it  is  usually 
advisable  to  utilize  a  fertilizer  distributor. 

The  phosi)liorus  content  of  barnyard  manure  is  relatively  low  in  com- 
parison with  nitrogen  and  potassium  and  the  reinforcement  of  it  with  one 
of  tlie  carriers  usually  is  desirable. 

As  nearly  ns  can  be  estimated  about  22,000,000  pounds  of  phosphorus 
nre  \oHi  from  Michigan  soils  annually. 

Analyses  of  samples  of  soil  from  fields  long  under  cultivation  and  from 
uncroi)ped  adjacent  land  show  that  the  change  in  the  phosphorus  content 
of  the  soil  is  governed  l>y  the  system  of  farming  followed.  In  several 
instances  as  much  as  forty  per  cent  of  phosphorus  was  found  to  have  been 
removed  from  the  surface  soil,  in  others  twenty  per  cent,  and  in  still 
others  little  if  any  changes  have  taken  place. 
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The  phosphorus  content  of  representative  soils  occurring  in  twenty 
counties  has  been  determined.  The  results  show  that  pine  and  scrub 
oak  lands  usually  contain  less  than  750  pounds.  Prairie  soils  are  the 
highest  in  this  element,  while  others  occupy  an  intermediate  position. 

Not  only  should  the  cost  of  the  fertilizer  be  considered  in  estimating 
the  profit  obtained  from  its  use,  but  also  the  market  price  of  the  crops 
grown. 

The  increase  in  yield  of  crops  by  the  use  of  phosphorus  reduces  both 
the  man  and  horse  labor  hours,  required  to  produce  a  given  amount  of 
material. 

Many  of  Michigan's  sand,  loam,  clay  and  muck  soils  respond  profitably 
to  applications  of  phosphorus.  The  readily  available,  or  acid  phosphate, 
is  the  most  extensively  employed. 

By  means  of  cooperative  experiments  with  county  agricultural  agents 
many  farmers,  and  managers  of  county  farms  we  have  been  able  to  obtain 
information  with  respect  to  the  phosphorus  needs  of  several  of  Mich- 
igan's soils.  In  view  of  the  favorable  results  obtained  we  are  forced  to 
conclude  that  every  farmer  who  has  not  ascertained  to  his  satisfaction, 
by  means  of  thorough  field  trials  whether  the  judicious  use  of  phosphorus 
on  his  soil  is  a  profitable  investment,  should  do  so. 
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Special  Bulletin  No,  90 


BY  R.  S.  SHAW,  DIRECTOR. 

The  following  notes  of  an  historical  character  relating  to  the  Upper 
Peninsular  Station  are  reproduced  from  information  contained  in  bulle- 
tin number  186,  published  in  1900.  They  convey  a  detailed  description 
of  soil  and  other  conditions  pertaining  to  the  original  160-acre  farm 
donated  by  the  Munising  Railway  Company  (Cleveland  Cliffs  Iron 
Company). 

The  State  Legislature,  at  its  regular  session  beginning  January,  1899, 
passed  an  act  appropriating  $5,000.00  for  the  establishment  and  main- 
tenance of  an  Experiment  Station  in  the  Upper  Peninsula,  the  purposes 
of  which  are  described  in  a  portion  of  Section  4,  of  Act  No.  114,  as  follows, 
viz.;  "The  said  Board  (State  Board  of  Agriculture)  shall  carry  on  such 
experiments  pertaining  to  agriculture  and  horticulture  as  in  their  judg- 
ment will  be  most  beneficial  to  the  agricultural  interests  of  the  Upper 
Peninsula." 

*^Late  in  July,  1899,  the  State  Board  of  Agriculture,  obeying  the 
mandates  of  this  law  made  a  rapid  survey  of  some  of  the  agricultural 
sections  of  the  Upper  Peninsula  and  chose  as  the  site  of  the  Upper 
Peninsula  Experiment  Station  the  160  acres  constituting  the  southeast 
quarter  of  section  28 ;  range  46  north ;  21  west. 

"This  tract  lies  along  the  Munising  railroad  at  Chatham,  eighteen 
miles  south  and  west  of  Munising,  in  Rock  River  Township,  Alger 
County.  It  lies  dght  miles  south  of  Au  Train  Bay,  on  the  south  shore 
of  Lake  Superior,  and  from  250  to  300  feet  above  its  level.  The  farm 
is  practically  surrounded  by  a  large  belt  of  hardwood  timber  and  the 
climatic  conditions  are  similar  to  those  existing  over  the  major  portion 
of  the  central  section  of  the  L^pper  Peninsula.  Heavy  snow  covers  the 
ground  during  the  relatively  long  winters,  preventing  deep  freezing  of 
the  soil.  The  snow  lies  on  the  ground  continuously  during  the  winter 
and  until  late  in  the  spring  when  the  sudden  oncoming  of  the  warm 
weather  forces  a  rapidity  of  growth  in  the  vegetable  world  unknown 
in  regions  farther  south.  The  summers  are  hot  and  moist  with  no 
severe  drouths.  The  autumns  are  long  and  usually  delightful,  although 
in  areas  surrounded  by  forests  there  is  always  danger  of  late  frosts 
in  the  spring  and  early  frosts  in  the  fall,  except  along  the  shores  of  the 
great  lakes.  This  danger,  however,  disappears  with  the  removal  of  the 
forests. 

"The  soil  on  the  tract  selected  is  far  from  homogeneous.  Near  the 
little  creek,  which  flows  east  through  the  center  of  the  160  acres  and 
divides  the  tract  into  two  approximately  equal  parts,  there  is  an  area 
of  black  muck,  while  on  the  terraces,  which  rise  one  above  another  on 
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either  side,  the  soil  is  graded  into  a  black  sandy  loam,  containing  plenty 
of  lime  and  of  great  native  fertility.  The  soil  is  spread  rather  thinly 
over  the  solid  rock.  The  valley  of  the  stream,  which  is  known  by  the 
name  of  Slap  Neck  Creek,  is  approximately  sixty-five  feet  deep,  measur- 
ing from  the  surface  of  the  water  in  the  creek  to  the  level  of  the  upper 
terraces  on  each  side.  These  terraces  are  bounded  by  gentle  connecting 
slopes,  all  cultivable.  The  depth  of  the  soil  varies  from  two  and  one- 
half  to  three  and  one-half  feet.  The  native  timber  is  maple,  for  the 
most  part,  with  a  few  basswood,  cedar,  wild  cherry  and  elm.  The  large 
size  of  the  trees,  combined  with  the  denseness  of  the  forest,  demonstrates 
the  good  quality  of  the  land.  The  contour  of  the  surface  provides  ample 
drainage,  except  in  time  of  excessive  rainfalls." 


SUrERINTENDENT'S  RESIDENCE  AND  OFFICE 

"The  160  acres  of  land  on  which  the  Station  is  located  was  donated 
to  the  State  by  the  Munising  Railroad  Company.  The  Company  also 
agreed  to  clear,  stump  and  grub  the  land  as  needed  for  experimental 
purposes  and  specifically  agreed  to  clear,  stump  and  grub  twenty  acres 
prior  to  May  1,  1900." 

^'After  accepting  the  donation  of  the  land,  the  State  Board  of  Agri- 
culture confided  the  planning  and  execution  of  experiments  to  the 
Director  and  Council  of  the  Experiment  Station,  connected  with  the 
Agricultural  College." 

The  following  quotation  is  taken  from  the  report  of  the  Director  of 
the  I]xperiment  Station,  dated  June  30th,  1911 : 

"A  valuable  addition  in  the  form  of  land  has  been  made  to  the  Upper 
Peninsula  Station  at  Chatham.  Six  hundred  acres  of  land  with  the 
timber  removed  has  been  generously  donated  by  the  Cleveland  Cliffs 
Iron  Co.,  for  the  purposes  of  experimentation  and  demonstration.    This 
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comprises  the  section  on  which  the  town  of  Chatham  is  located  with  the 
exception  of  forty  acres  which  forms  a  part  of  the  town  site. 

"As  this  property  adjoins  the  pivsont  experimental  farm  of  KJO  acres 
diagonally  and  as  it  consists  of  the  choicest  land  in  Upper  Michigan, 
the  possibilities  of  developing  a  model  farm  are  apparent  under  proper 
management.  It  is  not  intended  to  develop  an  experimental  farm  only, 
but  to  establish  a  model  or  demonstration  farm  operated  on  a  com- 
mercial basis  as  well." 


FARM  HOUSE 

The  State  Board  of  Agriculture,  realizing  the  establishment  of  the 
live  stock  industry  as  the  basis  of  a  permanent  agriculture  and  finding 
the  original  160  acre  farm  inadequate  for.  developing  the  live  stock 
business  on  a  sufficiently  large  scale,  took  the  initiative  in.  the  negotia- 
tions leading  to  the  addition  of  600  acres  more. 

Mr.  Leo  M.  Geismar  was  selected  as  Superintendent  of  the  Station 
in  the  spring  of  1900,  and  continued  in  charge  up  to  March,  1912,  when 
he  was  appointed  to  the  position  of  Agricultural  Extension  Expert  for 
the  Upper  Peninsula.  At  this  time  Roswell  G.  Carr,  B.  S.,  a  graduate 
of  M.  A.  C,  was  appointed  and  continued  in  charge  until  March,  1916, 
when  he  became  Agricultural  Agent  for  Ontonagon  county.  Since  this 
time  B.  W.  Householder,  B.  S.,  also  a  graduate  of  the  college,  has  been 
in  charge. 
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LANDS,  BUILDINGS  AND  EQUIPMENT. 

The  original  160-acre  farm  is  inventoried  at  $8,000.00.  Of  the  recently 
acquired  section,  140  acres,  seeded  and  fenced,  is  valued  at  $4,200.00,  and 
the  remaining  480  acres  of  new  and  cut-over  lands  at  $4,800.00.  Thus 
the  total  estimated  value  of  all  lands  at  Chatham  is  $17,000.00. 

The  following  is  a  list  of  buildings  which  have  been  provided  very 
largely  during  the  past  half-dozen  years : 

Residence  of  Superintendent ,. $5,000  00 

Farm  house,  10  rooms,  24x28 4,500  00 

Dairy  barn  3Gx72 3,500  00 

Root  cellar  (concrete)  20x50 1,000  00 

Hog  house  30x40 1,000  00 

Ice  house  (concrete)    500  00 

Poultry  house 250  00 

Original  horse  barn 250  00 

Original  granarv 200  00 

Sheep  barn  36x100  , 2,400  00 

Total  value  of  buildings $18,600  00 

During  the  present  season  a  combination  horse  and  implement  bam, 
40x100,  is  being  erected  at  a  cost  of  about  $7,500.00,  thus  meeting  a 
long-felt  need.  The  old  seed  house  has  been  removed  to  the  basement 
foundation  originally  occupied  by  the  old  farm  house  and  the  basement 
is  being  fitted  up  for  use  as  dairy  rooms  while  the  upper  floors  are  being 
equipped  so  that  seeds  and  grains  may  be  properly  stored,  cleaned, 
graded,  etc.,  at  all  seasons  of  the  year,  no  matter  what  weather  condi- 
tions may  be;  this  will  include  an  expenditure  of  about  $1,250.00.  This 
season,  also,  a  concrete  manure  pit,  24x60  feet,  is  being  built  to  cost 
approximately  $650.00.  This  manure  storage  house  will  connect  directly 
with  the  carrying  trackagef  already  in  operation  in  the  dairy  barn. 
Such  storage  facilities  are  made  necessary  because  of  the  long  periods 
of  winter  with  depths  of  snow  which  make  it  impracticable  to  haul  the 
manure  out  on  the  land  at  that  time.  These  building  facilities  will  com- 
plete the  system 'planned  on  the  home  farm.  Cheap,  commodious  shelter 
sheds  for  sheep  and  cattle  and  for  the  storage  of  fodder  are  now  needed 
on  the  newer  grazing  lands  of  the  larger  farm. 

The  original  farm  and  those  portions  of  the  newer  farm  fenced,  in- 
clude a  total  of  from  18  to  20  miles  of  fences,  representing  an  investment 
of  approximately  $6,000.00.  In  large  part,  the  cedar  posts  have  been 
salvaged  on  the  farm  and  hea\n>^  48-inch  woven  wire  has  been  procured 
in  carload  lots.  Just  prior  to  the  war  a  very  heavy  all  number  9  lateral 
wire  fence  was  used,  but  more  recently  price  conditions  have  enforced 
the  use  of  a  lighter  type  of  fence.  At  least  half  of  the  cut-over  land 
of  the  newer  farm  is  still  unfenced,  permitting  neighborhood  stock  to 
roam  at  will,  interfering  with  seeding  plans.  A  car  of  wire  is  now  on 
hand,  together  with  the  necessary  posts,  but  the  labor  situation  has 
seriously  interfered  with  construction  work. 

A  continuous  addition  to  the  working  equipment  and  facilities  now 
i-epresents  the  following  investments : 
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Miscellaneous  tools,  supplies,  etc f  1,394  55 

Implements  and  machinery 1,201  03 

Feed  and  bedding 178  88 

Crops 2,625  00 

Seeds   176  50 

Cleaning  supplies  (dairy)  26  75 

Live  stock 11,263  00 

Total  value  equipment  June  30, 1918 $16,865  71 

FINANCIAL  REPORT. 

The  history  of  the  Upper  Peninsula  Experiment  Station  includes  some 

years  during  which  the  State  Board  of  Agriculture,  with  the  limited 
funds  at  its  disposal,  was  unable  to  appropriate  as  generously  as  seemed 


SEED   IIOrSE,  ICE   HOUSE   AND   DAIRY   BARX 


desii*able  for  the  more  rapid  development  of  the  Station.  Three  un- 
fortunate occurrences  resulted  in  withholding  from  the  State  Board  of 
Agriculture,  during  the  past  ten  years,  nearly  a  million  dollars  which 
would  have  been  used  by  the  Agricultural  College,  Experiment  Station 
and  Sub-Stations.  The  first  of  these  was  the  vetoing  of  a  legislative 
appropriation  bill,  the  second,  the  pronouncement  as  unconstitutional, 
of  a  mill  tax  bill  b}'  the  Supreme  Court  of  the  State  and  the  third  con- 
sisted of  the  disastrous  lire  loss  of  the  Engineering  building  and  equip- 
ment at  the  College,  a  little  more  than  two  years  ago.  A  perusal  of  the 
investments  heretofore  enumerated  is  expressive  of  the  interest  of  the 
Board  and  the  administration  of  the  institution  in  the  Station.  For 
operating  expenses,  land  clearing  and  building,  ^12,362.67  was  appro- 
priated for  the  year  ending  June  30,  1917,  and  for  the  ensuing  yeiir, 
?51 9,972.72, 


Digitized  by 


Google 


EXPERIMENT  STATION  BULLETINS.  469 

FUNCTIONS  OP  THE  STATION. 

The  land  area  of  the  Upper  Peninsula  includes  10,082,240  acres,  a 
little  less  than  one-third  of  the  entire  state.  In  1909  the  land  area  in 
farms  amounted  to  913,748  acres  of  which  340,602  acres  were  improved. 
The  number  of  farms  at  that  time  was  8,994.  As  rapid  strides  have  been 
made  in  the  development  of  the  agricultural  conditions  of  the  Upper 
Peninsula  since  1909,  the  number  of  farms  and  area  improved  has  been 
greatly  increased. 

The  data  heretofore  given  indicates  the  location  of  the  Station  at  Chat- 
ham in  the  midst  of  a  vast  area  where  pioneering  conditions  prevail  and 
where  information  is  being  sought  on  greatly  varied  problems  i)ertain- 
ing  to  agriculture,  including  economic  methods  of  land  clearing,  all 
phases  of  crop  production,  live  stock  breeding,  housing,  grazing  and 
feeding,  etc.  Then  these  pi*obleins  are  further  complicated  by  greatly 
varied  soil  and  climatic  conditions.  The  conditions  are  new  ones,  and 
many  of  the  questions  cannot  be  answered  by  information  procured 
elsewhere.  The  institution  must  needs  partake  of  both  an  investigational 
and  demonstrational  character  and  must  necessarily  include  those  busi- 
ness factors  relating  to  comparative  costs  of  production,  transportation, 
marketing,  etc. 

It  is  apparent  that  close  relations  of  cooperation  must  prevail  with 
the  Upper  Peninsula  Agricultural  Extension  Organization.  The  district 
experts  and  county  agents  are  constantly  coming  in  contact  with  prob- 
lems requiring  investigation.  In  so  far  as  possible  the  Director  and 
Superintendent  will  always  be  glad  to  endeavor  to  arrange  for  experi- 
ments to  answer  these  questions  and  thereby  extend  to  the  Extension 
workers  an  invitation  to  make  their  wants  known  freely,  even  though  it 
may  not  be  possible  to  meet  all  the  needs  at  once  while  the  facilities 
of  the  Station  are  incomplete. 


REPORT  OF  THE  WORK  OF  THE  UPPER  PENINSULA  STATION, 
INCLUDING  DATA  FOR  YEAR  ENDING  JUNE  30,  1018. 

BY  B.  W.  IIOUSEIJOLDKR,  SUPERINTENDENT. 
CROP  PRODUCTION. 

Plant  breeding  by  the  comparison  method,  or  variety  tests,  is  being 
carried  on  quite  extensively.  During  the  summer  of  1917  the  following 
varieties  were  grown,  viz.:  corn  11,  oats  8,  barley  16,  spring  wheat  4, 
winter  wheat  15,  potatoes  6,  and  soy  beans  1,  covering  an  entire  area  of 
about  six  acres.  Some  of  these  are  tested  sorts  from  the  East  Lansing 
Station  while  others  have  been  procured  from  neighboring  states  where 
somewhat  similar  conditions  prevail.  The  purpose  of  the  work  being 
to  determine  the  varities  most  adaptable  to  our  climate  and  best  suited 
to  our  needs  means,  that  definite  results  cannot  be  procured  for  a  period 
of  years.  Continuous,  careful  work,  with  the  addition  of  new  varieties 
and  field  tests  in  other  portions  of  this  region  must  follow. 
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In  order  to  carry  on  experimental  work  in  plant  and  animal  breed- 
ing more  trained  help  is  needed,  including  labor  with  some  appreciation 
of  the  methods  to  be  followed  and  details  to  be  observed.  The  varied 
soil  and  climatic  conditions  of  this  region  prevent  the  acceptance  of 
data  procured  elsewhere  without  first  making  a  check  as  to  the  growth 
conditions  and  quality  factors.  The  rapidity  with  which  the-  Upper 
Peninsula  is  being  developed  agriculturally,  is  rapidly  increasing  the 
demand  for  information  relative  to  cultural  methods  and  possibilities 
of  procuring  the  proper  kinds  of  seeds  in  sufficient  quantities. 

In  order  to  cooperate  with  and  meet  the  needs  of  the  Tounty  Agri- 
cultural Agents,  a  more  extensive  and  greatly  varied  line  of  experiments 
will  have  to  be  inaugurated.  The  location  of  the  station  is  not  particu- 
larly favorable  to  demonstration  efforts  as  it  is  not  easily  accessible 
to  a  large  number  of  people.  The  county  agents  are  being  confronted 
with  problems  which  the  station  must  meet. 


VARIETY  TESTS,   SPRINlJ   WHEATS.    HMS 


CROP  ROTATION  AND  SOIL  FERTILITY   EXPERIMENTS. 

The  following  crop  rotation  systems  were  started  three  years  ago,  viz. : 

Rotation      I.     Virgin  Soil,  Barley,  Clover,  Roots  or  Potatoes. 

Rotation     II.     Oats,  Roots  or  Potatoes,  Barley,  Clover. 

Rotation  III.     Roots  or  Potatoes,  Oats  and  Peas,  Alfalfa. 

Rotation  I  will  be  conducted  in  duplicate,  one  set  of  plots  being  used 
in  a  test  with  stable  manures  and  the  other  with  both  stable  manures 
and  raw  rock  phosphate,  the  same  plan  is  to  be  followed  with  rotation 
II,  while  part  of  III  will  be  treated  with  stable  manure  and  the  balance 
with  manure  and  lime.  Other  rotations  are  being  considered  with  both 
winter  and  spring  wheat,  rye,  soy  beans  and  possibly  corn. 

Barley. — Oderbrucker  barley  is  being  raised  at  Chatham  as  a  sub- 
stitute for  corn  because  the  early  and  late  frosts  interfere  with  the 
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BARLEY,  1917 

development  of  the  latter  at  this  point.  Corn  of  suitable  types  may  be 
grown  for  silage  in  the  more  favorable  locations.  But  even  where  this 
is  not  possible  cereals  such  as  wheat,  rye,  oats,  barley  and  legumes  such 
as  alfalfa  and  clovers  together  with  enormous  and  easily  produced  root 
crops  more  than  make  good  the  deficiency.  The  barley  crop  in  1917 
yielded  30.5  bu.  per  acre,  machine  measure.  The  pedigreed  Oderbrucker 
variety  was  furnished  to  twenty-three  farmers  located  in  the  different 
counties  of  the  Upper  Peninsula  at  $2.25  per  bushel  for  seed.  So  far  as 
known,  this  variety  is  the  most  promising  for  this  region. 


VARIETY  TESTS.  OATS,  1919 
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Oats. — ^Worthy  oats  which  were  bred  out  at  East  Lansing  and  which 
are  being  grown  here  in  the  larger  field'  areas  yielded  47  bushels  per 
acre.    Nine  farmers  were  furnished  seed  of  this  variety. 

Roots. — These  were  grown  for  dairy  cattle  and  sheep  feeding.  Ruta- 
bagas grown  on  rough,  new  land  comprising  2.37  acres,  in  cultivated 
drill  rows  30  inches  apart,  yielded  46,114  pounds,  or  an  average  of 
19.46  tons  per  acre.  Because  of  the  possibility  of  growing  a  variety  of 
root  crops,  of  high  yield,  there  is  need  of  printed  material  descriptive 
of  the  most  up-to-date  methods  of  production,  in  order  to  minimize  the 
large  amount  of  expensive  labor  usually  involved. 


OATS  AND  CORN,  11)16 

Silage  Crops. — Both  corn  and  oats  and  peas  were  grown  for  silage. 
Because  of  unsuitable  conditions  the  corn  made  very  little  growth  and 
was  frosted  when  it  had  attained  a  height  of  about  four  feet  on  August 
26,  1917.  The  total  yield  for  a  total  area  of  3  acres  was  6.64  tons  or 
an  average  of  2.21  tons.    It  made  a  poor  quality  of  silage. 

The  oats  and  peas  yielded  65.5  tons  of  green  material  for  silage  from 
6.41  acres  or  an  average  of  10.28  tons  per  acre.  This  crop  made  an 
excellent  quality  of  silage  which  was  relished  by  the  dairy  herd,  result- 
ing in  the  good  returns  illustrated  in  the  dairy  financial  statement.  The 
production  of  oat  and  pea  silage  is  giving  such  good  results  as  to  require 
further  investigation  and  more  detailed  reports  as  to  methods  of  grow- 
ing, siloing,  feeding,  etc. 

Soy  Beans. — One-half  acre  of  soy  beans  was  planted  both  this  year 
and  last,  but  were  damaged  by  frost  in  both  cases. 

Potatoes. — Most  of  the  potatoes  grown  on  the  Station  Farm  were  in 
the  demonstration  plots.  Five  different  varieties  commonly  raised  in 
the  Upper  Peninsula  were  grown  under  varying  conditions.    The  objects 
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SILAGE  MIXTURE.  1917.     OATS  4  Ft.  HIGH  ;  PEAS  414  Ft. 


VARIETY  TESTS.  PEAS.  1918 
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sought  were:  (1)  To  determine  the  best  spacing  for  obtaining  the 
largest  yield  per  acre  of  marketable  potatoes,  (2)  to  compare  the  results 
from  green  sprouted  potatoes  with  those  taken  from  a  dark  cool  cellar 
both  being  planted  at  the  same  time,  (3)  to  determine  the  largest  jdeld- 
ing  varieties,  (4)  to  determine  the  economic  and  comparative  values  of 
applications  of  acid  phosphate,  stable  manure,  wood  ashes  and  plantings 
on  alfalfa  sod,  (5)  planting  by  tuber  unit  system  for  seed  selection  and 
for  demonstrating  the  unproductive  qualities  of  some  tubers,  (6)  to 
determine  the  effects  of  spraying  with  Bordeaux  Mixture,  (7)  comparison 
of  tip  versus  butt  cuts  for  seed,  (8)  comparison  of  diseased  and  healthy 


POTATOES.  EXPERIMENTAL  PLATS.  1917 

seed,  (9)  use  of  seed  dug  in  spring  along  with  that  harvested  in  the 
autumn.  As  the  data  procured  from  the  foregoing  tests  is  voluminous,  it 
is  to  be  published  separately. 

Fruit. — A  new  orchard  was  started  this  spring  containing  the  follow- 
ing varieties,  viz.:  Apples — ^Yellow  Transparent,  Duchess,  Wealthy, 
Fameuse,  Northwestern  Greening,  Wolf  River,  Alexander  and  Pewaukee 
and  North  Star,  Crabs — Hyslop  and  Martha.  Cherries — Montmorency, 
Early  Richmond  and  English  Morello. 

The  varieties  selected  were  chosen  largely  as  the  result  of  observations 
of  county  agents  in  Alger  and  adjacent  counties.  Though  the  original 
orchard  has  not  been  a  success,  it  is  the  plan  to  continue  the  work  along 
this  line.  Past  experiences  show  conclusively  that  only  a  very  limited 
number  of  varieties  of  apples  can  succeed  under  Chatham  conditions, 
that  the  soil  should  be  deep  and  substantial,  the  site  well  drained  and 
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protected  uud  that  the  trees  must  be  headed  strongly  without  weak 
crotches  and  that  great  care  must  be  exercised  not  to  prune  severely, 
keeping  the  heads  rather  full  for  protection. 

Small  fruits  as  currants,  gooseberries,  raspberries  and  strawberries 
yielded  well. 

Garden  Vkgrtarles. — Owing  to  the  lateness  of  the  spring  of  1917, 
most  garden  truck  was  delayed  in  its  growth.  Beans  were  destroyed  by 
frost  on  August  28th.  This  spring,  (1918),  beans,  sweet  corn  and  toma- 
toes were  badly  damaged  by  frost  after  starting. 


PART  OF  DAIRY  HERD 


LIVE  STOCK  SITUATION. 


The  Upper  Peninsula  comprises  a  vast  area,  a  little  less  than  one- 
third  of  the  state.  The  present  condition  of  the  land  area  may  be  di- 
vided into  four  groups,  viz.:  (1)  timbered,  (2)  cut-over,  (3)  undrained 
and  (4)  broken,  hilly  and  sandy  lands.  Enormous  areas  have  splendid 
agricultural  possibilities  when  developed.  The  figures  which  follow  in- 
clude some  costs  of  production  at  the  station  which  would  not  arise  in 
the  case  of  the  private  farmer  for  the  following  reasons:     (1)  The  de- 
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tailed  work  of  weighing  feed,  milk,  etc.,  recording  the  same  and  caring 
for  animals  as  individuals  or  in  groups  in  order  to  get  definite  accurate 
results,  more  than  doubles  the  labor  cost.  (2)  The  station  farm  has 
insufficient  cleared  land  in  proportion  to  its  live  stock,  resulting  in  heavy 
purchase  of  feeds.  The  pressing  need  for  stimulating  the  live  stock 
industry  seemed  to  warrant  the  rapid  increase  of  herds  and  flocks.  {3} 
Transportation  has  added  heavily  to  costs  of  all  imported  materials. 
Chatham  is  nearly  four  hundred  miles  distant  from  Chicago. 


DAIRY  BARN  AND  SILO 


DAIRY. 


The  following  figures  are  given  in  detail  to  illustrate  more  clearly  the 
work  of  the  station,  and  the  qualifying  factors  just  mentioned  should 
be  borne  in  mind. 

The  Station  dairy  herd  numbers  seventeen  heifers,  fourteen  cows  and 
one  bull  at  the  present  time.  An  average  of  twelve  cows  were  milked 
through  the  year.  The  average  milk  production  of  these  cows  was 
10,35G  pounds.  Six  of  these  cows  were  only  a  little  past  two  years  old 
at  the  time  of  freshening. 

Five  of  the  best  ones  were  used  in  conducting  ration  tests.  The  object 
of  the  ration  test  was  to  enable  us  to  determine  the  economic  value  of 
each  kind  of  succulent  feed  in  the  production  of  milk,  and  in  maintain- 
ing the  general  health  of  the  animals.  The  feeds  used  in  conducting  this 
test  were:  Roots  versus  oat  and  pea  silage,  and  the  combination  of 
roots  and  oat  and  pea  silage  versus  roots  alone,  and  versus  silage  alone. 
This  test  was  started  on  December  25,  1917,  and  carried  through  to 
April  8,  1918.  The  cows  were  fed  for  a  period  of  one  week  on  one  kind 
of  feed,  then  an  intermission  of  one  week  was  used  in  changing  them 
over  to  another  feed,  and  so  on  alternately  until  the  end  of  the  tests. 
Each  test  was  carried  on  in  triplicate. 
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The  average  feed  costs  taken  from  triplicate  tests,  per  100  pounds  of 
milk  produced  are: 

Feed  in  combination  with  roots  and  silage fl.42 

Peed  in  combination  with  silage 1 .28f) 

ImmhI  in  combination  with  roots 1  .G(i2 

The  hay  and  grain  allowance  in  this  test  were  kept  constant.  The 
hay  was  very  largely  clover  and  the  grain  was  made  up  of  the  following 
parts  by  weight : 

Bran    4  parts 

Ground  corn 2  parts 

Ground  oats 2  parts 

Gluten    1  part 

Oil  meal 1  part 

Good  health  was  maintained  by  all  of  the  cows  continuously. 


PILLING  CEMENT  BLOCK  SILO  WITU  PEAS  AND  OATS 
FINANCIAL  STATEMENT  OF  NEW  YEARNS  WORK. 

Investment: 

Dairy  barn $3,500  00 

Twelve  cows  (T^  ?5250.00   3,000  00 

Nine  heifers  @  $100.00 900  00 

Bull  @  $150.00 150  00 

Equipment,  besides  barn 500  00 

Land  pastured  40  acres  @  $25.00 1,000  00 


$9,050  00 
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Present  Valuation  of  Herd : 

Fourteen  cows  @  f  250.00 |3,500  00 

Seventeen  heifers  @  f  100.00 1,700  00 

Bull  @  f  150.00 150  00 

Costs: 

Labor  f  166.80  per  month  for  7  months. . .  f  1,167  60 

Labor  189.51  per  month  for  5  months 447  55 

Hay,  39  tons  28  pounds  @  f  21.16 825  26 

Bran,  8.2  tons 289  00 

Ground  feed,  1  ton 52  36 

Gluten,  3,500  pounds 103  25 

Oil  cake,  4,500  pounds 133  00 

Ground  com,  9,233  pounds 361  33 

Middlings,  200  pounds 5  20 

Ground  oats,  8,560  pounds 202  84 

Beet  pulp,  3,000  pounds 63  00 

Roots,  75  tons  (a)  «5.33 399  75 

Silage,  65  tons  (a),  |6.16 400  40 

Salt 2  45 

Medicines 24  75 

Sundry  items 82  24 

Veterinary  services 20  54 

Bedding 122  72 

Interest  on  investment,  $9,050.00  @  Q%  |543  00 


f  5,350  00 


14,703  24 
15,246  24 


f3,393  19 


Receipts: 
Cash  receipts : 

Bulls  sold,  11 $652  00 

Cows  sold,  6 874  36 

Hide   11  62 

Cream 1,347  96 

Milk    450  84 

Cash  returned  on  tickets 56  41 

Other  receipts : 

Manure  299  tons  @  f  1.00 ?;299  00 

Increased  valuation 1,300  00 

Miscellaneous   59  24 

Skim  milk  to  pigs,  5  gals,  per  day  @  4c 73  00 

Credit  l^  labor  charge   (extra  labor  on 

account  exp.  work)   807  53 

f2,538  77 

$5,931  96 
Net  profit : 

Total  receipts  ^5,931  16 

Total  costs 5,246  24 

Profit IG85  82 
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The  valuation  placed  on  cow  manure  is  $2.74  per  ton  (Henry's  Feeds 
and  Feeding).  I  have  allowed  only  f  1.00  per  ton.  This  leaves  ?1.74  per 
ton  to  cover  waste  and  cost  of  putting  on  field. 

STATEMENT  OP  WORK  ON  BEKP  CATTLE.     1917. 

A  carload  of  26  average  grade,  two-year-old  steers  was  purchased  off 
the  Chicago  market  on  June  15, 1917,  for  the  purpose  of  learning  whether 
they  could  be  handled  at  a  profit  or  not.  Following  is  statement  of  the 
results  obtained : 

Twenty-six  steers,  average  weight  759  lbs. 

cost  at  Chicago f  1,638  55 

Freight,  Chicago  to  Chatham 64  00 

Freight,  Chatham  to  Lansing 92  68 

Labor  at  Chatham 15  00 

Pasture  at  Chatham 104  00 

Feed  at  Chatham 21  31 

Feed  at  College: 

Silage   1206  44 

Hay 71  64 

Grain 97  28 

Feed  and  straw  for  ship- 
ping           10  00 

$385  36 

$2,320  90 

Receipts  for  22  steers.  Bishop,  Bullen  & 

Holmes,  Detroit,  Mich $2,034  31 

Receipts    for    2    steers,    slaughtered    at 

College 163  28 

Receipts    for    1     steer,    slaughtered    at 

Chatham    84  02 

Receipts  for  1  steer,  Wm.  Robarge,  Forest 

I^ke    75  25 

12,356  86 

Profit    $35  96 

This  carload  of  steers  was  in  healthy  condition  when  purchased,  yet 
quite  thin.  This  worked  to  our  advantage,  as  there  was  plenty  of  room 
for  putting  on  flesh.  The  pasture  that  they  grazed  on  had  luxuriant 
growth  and  was  very  good. 

It  will  be  seen  from  the  statement  that  our  net  profit  was  only  $35.96, 
but,  that  $104.00  was  charged  against  the  steers  for  pasture.  Had  not  the 
steers  been  purchased  this  pasture  would  have  been  wasted,  except  that 
which  would  have  returned  to  the  soil  in  the  form  of  fertilizer.  So,  in 
fact  the  Station  was  paid  clear  of  all  expenses  $139.96. 

A  very  large  percentage  of  the  profit  was  eaten  up,  so  to  speak,  in 
transportation  and  shrinkage.  The  freight  from  Chicago  here  was 
$64.00  and  from  here  to  Lansing  $92.28  or  a  total  of  $156.68.  The  average 
weight  of  these  steers  at  Chicago,  June  15th  was  759  pounds;  at  Chatham 
a  few  days  later,  694  pounds,  and  at  time  of  loading  for  shipment  to 
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Lansing  the  following  October  was  908  pounds.  It  would  have  been 
much  better  if  these  cattle  could  have  been  purchased  and  put  on  grass 
at  least  four  or  five  weeks  earlier.  As  it  was,  however,  the  gains  on 
grass  were  excellent. 

SHEEP. 

The  Station  had  268  head  of  sheep  including  lambs  July  1,  1917.  Out 
of  this  number  4  were  sold,  10  were  killed  by  dogs,  5  died  and  11  were 
unaccounted  for.  This  left  238  head  which  were  taken  into  winter 
quarters  November  22,  1917.  They  were  in  excellent  condition  being 
grazed  about  three  weeks  in  a  field  where  oats,  barley  and  rutabagas 
had  been  harvested. 


CAR  LOAD  OF  BEET  CATTLE  ON  PASTURE^  1917 

Breeding  Season: 

Immediately  after  bringing  the  ewes  into  winter  quarters,  rams  were 
placed  with  them  to  take  advantage  of  their  flush  condition.  The  first 
forty  of  these  grade  ewes  to  drop  lambs  gave  birth  to  63  lambs,  an  in- 
crease of  1571/^%.  The  remaining  101  ewes  gave  birth  to  118  lambs, 
an  increase  of  116.8%.  It  is  thought  that  the  decrease  in  the  percentage 
of  lambs  is  due  to  the  ewes  being  bred  after  they  had  been  fed  on  clover 
hay  which  lowered  their  flush  condition. 

It  is  claimed  that  ewes,  if  bred  while  flushed  will  drop  more  twins. 
Our  experiment  this  year  bears  out  this  statement. 

Management  of  Rams: 

The  rams  were  placed  with  the  ewes  from  8 :00  to  10 :00  in  the  morn- 
ing. They  were  then  moved  to  pens  by  themselves  and  fed  liberally. 
At  4:00  p.  m.  they  were  put  back  with  the  ewes  and  left  until  about 
6:00  p.  m.,  when  they  were  again  put  by  themselves  and  fed.     It  has 


Digitized  by 


Google 


EXPERIMENT  STATION  BULLETINS.  481 

been  found  that  by  handling  rams  in  this  manner,  the  last  lambs  dropped 
are  just  as  strong  and  vigorous  as  the  first.    Four  rams  were  used. 
Winter  Rations : 

The  winter  ration  given  most  of  the  ewes  consisted  of  hay.  Part  of  it 
was  a  very  poor  quality  of  mixed  hay  and  part  of  it  was  of  a  very  good 
grade  of  alsike.  Most  of  the  ewes  came  through  the  winter  in  good  shape 
on  this  feed.  Whenever  one  of  them  showed  a  tendency  to  become  emaci- 
ated, she  was  separated  from  the  rest  of  the  flock  and  grained.  All 
of  the  ewes  were  fed  ^-pound  each  daily  grain  mixture  of  barley,  oats 
and  bran  in  equal  parts,  beginning  3  weeks  previous  to  lambing.  This 
allowance  was  increased  to  i^-pound  each  after  lambing. 


SHEEP  BARN 

There  were  no  losses  in  this  flock  from  the  time  they  were  taken  into 
shed  November  22,  1917,  until  the  second  day  of  April,  1918.  Since  then 
the  deaths  number:  5  ewes,  2  wethers,  2  yearling  ewe  lambs,  and  3 
lambs.  One  ewe  and  2  lambs  were  killed  by  dogs :  1  lamb  by  an  auto- 
mobile, 2  ewes  were  too  weak  to  give  birth  to  their  lambs;  and  2  died 
from  eversion  of  the  uterus.  Cause  of  the  death  of  the  others  not 
known. 

Ration  Experiments: 

Forty-eight  lambs  were  divided  into  lots  of  six  each. 

Lot  1  was  fed  on  oat  and  pea  hay  and  roots  for  60  days. 

Lot  2  was  fed  on  clover  and  grain  for  100  days. 

Lot  3  was  fed  on  clover  and  grain  and  roots  for  100  days. 

Lot  4  was  fed  on  oat  and  pea  hay  for  60  days. 

Lot  5  was  fed  on  clover  and  corn  for  100  days. 

Lot  6  was  fed  on  clover  and  barley  for  100  days. 

Ix)t  7  was  fed  on  clover  and  corn  and  roots  for  100  days. 

T^t  8  was  fed  on  clover  and  barley  and  roots  for  100  days. 
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The  purpose  of  carrying  on  this  experiment  is  to  find  out  which  com- 
bination is  of  the  greatest  economic  value  in  the  production  of  growth 
of  animals  and  yield  of  wool.  As  the  experiment  has  been  in  operation 
only  one  year,  the  data  compiled  is  not  sufficient  for  the  drawing  of  any 
conclusions. 

Lambing  Season : 

Throughout  the  lambing  period  extra  good  care  was  given  to  the 
flock.  Prompt  attention  was  given  to  all  new  born  lambs,  and  in  every 
case  the  mother  ewe  and  lamb  or  lambs  were  moved  from  the  rest  of 
the  flock,  and  put  into  pens  by  themselves  for  a  period  of  two  or  three 
days.  Here  they  became  acquainted  with  each  other  and  very  little 
trouble  was  experienced  after  turning  them  out. 


PART  OP  PLOCK  AT  WINTER  QUARTERS 

RECORD  OP  LAMBING  SEASON^  SPRING  OP  1918. 
Kind  of  Sheep.  No.  of  Ewes.     No.  of  Lauibs. 

Grade  Western  121  158 

Hampshire 12  15 

Kambouillet 8  8 

Total 141  181 

Percentage  of  living  lambs — 11 6.3. 

Pasture: 

The  flock  was  turned  out  on  pasture  on  April  20th  and  very  little 
bad  weather  followed  this  date.  The  pasture  has  been  very  good  and 
the  sheep  are  in  excellent  physical  condition. 

Distribution  of  Rams: 

Four  pure  bred  Hampshire  rams  were  sent  out  from  this  Station  for 
breeding  purposes  at  very  reasonable  prices.  One  was  furnished  a  Boys' 
Club  free  of  charge. 


Digitized  by 


Google 


EXPERIMBNT  STATION  BULLBTINS.  483 

FINANCIAL   STATEMENT. 

Investment: 

Valuation  of  flock  July  1, 1917 $1,719  00 

Valuation  of  building 2,400  00 

Land  pastured  (60  acres  estimated) 1,500  00 


Costs: 

Hay  58.53  tons,  average  value  J25.77 f  1,508  64 

Miscellaneous   18  35 

Salt 2  45 

Labor,  4  hours  daily  for  150  days  @  25c . .  150  00 

Labor,  160  hours  for  shearing  @  25c 40  00 

Lambing  season,  12  hours  daily  for  18 

days  @  25c 54  00 

Summer  care,  105  hours  @  25c 26  65 

Grain    273  46 


f5,619  00 


f2,073  15 


Interest  on  investment  f 5.619.00  @  6%. .  |337  14 

Total  cost f  2,410  29 

Receipts: 

Wool  1,498.5  pounds  @  65c  per  pound. . .  f974  02 

4  rams  sold 90  30 

Credit  on  feed  not  used 78  79 

Miscellaneous    3  25 

Manure  value  (estimated  at  i/^)  225  tons.  450  00 


?1,596  36 


Present  valuation  of  flock: 

Breeding  ewes,  141  @  |7.00 $987  00 

Yearling  ewes,  56  @  $7.00  .' 392  00 

Wethers,  34  @  |7.00 2:\S  00 

(^uU  ewes,  9  @  f  7.00 63  00 

Rams,  2  @  $37.50 75  00 

Lambs,  164  @  $6.00 984  00 

$2,739  00 

Valuation  of  flock  July  1,  1917 $1,719  00 

Increased  valuation 1,020  00 

Receipts  plus  increased  valuation : 

Receipts  1,596  36 

Increased  valuation 1,020  00 

$2,616  36 

Total  Costs: 

Feed,  care,  interest,  etc 2,410  29 


Net  profit $206  07 

While  the  above  statement  shows  a  small  profit  of  $206.07,  it  must 
be  borne  in  the  reader's  mind  that  the  present  inflated  prices  are  not 
credited  to  the  sheep.  Also  that  those  prices  are  charged  against  them 
in  feed  stuffs.    If  the  flock  had  been  credited  with  its  present  valuation 
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the  net  profit  would  have  been  very  near  $2,000.00,  even  if  the  flock  had 
been  valued  at  |2,731.00  last  year.  The  above  statement  looks  very 
encouraging  from  the  fact  that  a  small  profit  was  made  when  valuing 
the  ewes  at  only  |7.00  each.  Today  they  are  selling  for  about  three 
times  that  amount.  The  gain  of  $206.07  is  over  and  above  the  charge 
of  6%  on  the  investment.  Or,  the  receipts  of  f206.07  plus  f337.14  gives 
us  a  return  of  f  543.21  on  the  investment,  when  valuing  the  ewes  at  $7.00 
and  the  lambs  at  only  f  6.00  each. 

Yearling  wethers  are  selling  for  about  double  the  amount  estimated, 
and  lambs  such  as  we  have  are  worth  from  |8.00  to  $10.00  each. 

The  cost  of  labor  for  carrying  on  experiments  was  included  in  the 
above.  This  item  alone  doubled  the  time  and  cost  required  for  caring 
for  the  flock  under  ordinary  methods. 


I*IGGERY 


SWINE. 

Investment: 

4t  brood  sows,  July  1, 1917 $162  50 

1  boar    50  00 

Building 1,000  00 

$1,212  50 

Present  Valuation: 

3  sows  @  $50.00 $150  00 

10  pigs  @  $15.00 : 150  00 

1  boar  @  $60.00 60  00 


360  00 
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Coat: 

Labor,  1  hour  per  day  @  25c 

Skim  milk,  5  gallons  per  day  @  4c 

Oats 

Corn   

Middlings 

Bran  

Grain •  • 

Registration  certificates 


191  25 

73  00 

45  28 

119  60 

64  25 

08 

7  50 

8  00 

I   408  96 


f 120  40 

* 

74  65 

147  50 

22-68 

$  365  23 

Interest  on  investment |30  00 

Total  cost 438  96 

Receipts: 

Sold  7  pigs 

Credit  on  feed  remaining 

Increased  valuation 

Manure,  18  tons  @  ?1^6 


Loss   I     73  73 

The  loss  occurring  in  the  swine  department  is  due  to  the  death  of  four 
head.  They  would  have  added  about  f  150.00  to  the  receipts  had  they 
lived.  Their  death  is  thought  to  have  been  caused  by  being  too  closely 
confined  on  a  cement  floor  in  winter.  Rheumatic  symptoms  developed 
in  their  legs  and  they  were  helpless.  The  writer  believes  that  if  the 
above  JiQgs  had  lived  the  receipts  and  expenses  would  have  been  about 
the  same. 

A  charge  of  only  $30.00  interest  was  allowed  on  the  investment  be- 
cause of  only  a  small  part  of  the  building  being  used  by  the  hogs. 

Three  boar  pigs  and  two  young  sows  were  sent  out  from  the  Station 
for  breeding  purposes. 

Because  of  the  climatic  conditions  at  the  Chatham  Station,  which 
being  unfavorable  to  the  growing  of  com,  and  because  of  the  very  high 
cost  of  feed,  plus  the  freight  charges,  and  labor  and  retail  man's  profit 
there  has  not  been  much  stress  used  in  pushing  and  developing  of  the 
swine  industry.  No  doubt  that  much  of  this  unfavorable  condition  can 
be  eliminated,  when  the  country  becomes  more  settled  and  when  the 
farmers  raise  more  barley  as  a  substitute  for  corn  feed,  and  when  ad- 
vantage is  taken  of  suitably  fenced  pastures  during  the  summer  season. 

POULTRY. 

A  little  over  one  year  ago  all  of  the  poultry  on  the  place  was  sold 
and  replaced  by  new  strains  of  Barred  Rocks  and  White  Leghorns. 
The  results  obtained  from  the  Barred  Rocks  are  very  good  as  the  following 
table  will  illustrate. 
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Winter  Egg  Production: 
"Nov.  1st,  to  March  15th,  inclusive,  or  135  days  : 


Kan*ed  Rocks  . . 
White  Leghorns 


Total  No. 
of   EKgs. 

775 

Kggra  per 
hen. 

70.45 

Ver- 
rentace. 

52.19 

i28(; 

2(> 

]!).2f» 

From  this  table  it  will  be  seen  that  the  strain  of  Barred  Rocks  laid 
more  than  an  egg  every  other  day  through  the  cold  part  of  the  winter. 
The  winter  was  a  very  severe  one,  too.  Many  days  in  January  and 
February  the  official  thermometer  registered  several  degrees  below 
zero.  The  table  also  shows  that  the  Barred  Rocks  averaged  2.7  times 
more  eggs  than  the  White  Leghorns. 


END  VIEW  OF  POULTRY  HOUSE 

There  were  11  hens  of  each  breed.  They  were  permitted  to  run  together, 
in  order  that  there  would  be  no  difference  in  environmental  and  feeding 
conditions. 

It  is  thought  that  the  cold  winter  conditions  work  more  against  the 
White  Leghorns  than  the  Barred  Rocks  because  of  their  smaller  size- 
The  average  egg  production  for  the  months  of  May  and  June,  also  indi- 
cate this  to  be  true.  The  average  egg  production  for  the  Barred  Rocks 
for  the  month  of  May  was  17  2/7  eggs  each,  for  June  12 1/3  eggs  each. 
The  average  production  for  the  White  Leghorns  in  May  was  17.2  eggs 
each,  and  in  June  16.9  eggs  each.  The  average  production  was  about 
the  same  for  both  breeds  in  May.  In  June,  the  average  production  was 
in  favor  of  the  White  Iveghorns  by  4.57  eggs  for  each  hen. 
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The  hens  were  fed  the  following  rations  for  winter  and  summer  egg 
production : 

Mash                  Oil  meal ...  25  lbs. 

Corn  meal 30  lbs. 

Wheat  bran 30  lbs. 

Wheat  shorts  ...  15  lbs. 

Salt 1  lb. 

Scratch  feed    Corn 4  lbs. 

Wheat 2  lbs.     For  winter 

Oats   1  lb. 

Corn 1  lb. 

Wheat    2  lbs.     For  summer 

Oats 4  lbs. 

Corn 4  lbs. 

Wheat 2  lbs.     For  spring  and  fall 

Oats '. 2  lbs. 

f 

The  mash  was  kept  dry  in  clean  hoppers  and  .the  hens  had  free  access 
to  it  at  all  times.  By  handling  it  in  this  manner  they  never  ate  too 
much.  A- mixture  of  scratch  feed  was  fed  to  them  twice  a  day.  The 
amount  given  varied  with  the  appetite  of  the  hens.  Usually  they  were 
fed  one  pint  to  each  ten  hens  in  the  morning  and  a  quart  to  the  same 
number  in  the  afternoon.  The  grain  was  thrown  into  the  straw  in  winter 
and  into  the  grass  in  summer,  which  rendered  it  necessary  for  the  hens 
to  work  for  their  feed.  Fresh  water  was  provided  in  clean  vessels. 
Oyster  shell  grit  was  placed  ready  for  the  hens  at  all  times. 

Skim  milk  was  fed  daily  in  a  clean  vessel  as  a  substitute  for  meat. 
Rutabagas  were  fed  daily  as  a  substitute  for  green  feed.  Barley  was 
fed  in  the  place  of  corn  many  times.    It  was  a  good  substitute. 


FINANCIAL  STATEMENT. 

Investment: 

12  Barred  Rocks 

12  White  Leghorns 

1  Barred  Rock  Rooster 

Building  and  equipment 

Present  validation: 

12  Barred  Rocks  

1  Barred  Rock,  rooster 

9  White  Leghorns 

Costs: 

Feed    

Ijabor  14  liour  per  day,  or  9I14  hours  @  25c. 

Interest  on  investment ^  7 

Depreciation  in  flock  3  @  J2.00 


$24  00 

24  00 

4  00 

325  00 

.  $24  00 

4  00 

18  00 

$27  65 

22  81 

12  87 

6  00 
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Receipts: 

Eggs   ?77  47 

Chickens  sold  6  37 


Total  receipts f83  84 

Total  costs 69  33 


83  84 


Profit    ?14  51 

Twenty-seven  dozen  of  Barred  Rock  eggs  were  sent  into  various  coun- 
ties in  the  Upper  Peninsula  for  netting  purposes.  These  were  supplied 
both  to  Poultry  Clubs  and  individuals  at  the  rate  of  50c  per  dozen. 
The  object  of  sending  them  out  at  such  a  reasonable  price  was  to  get 


SEEDED  AMONG  STUMPS  FIVE  YEARS  AGO NO  BRUSH — STUMPS  DEQA^BD 

CLEARING  INEXPENSIVE 

as  large  a  number  of  people  interested  as  possible  in  raising  poultry 
of  superior  qualifications.  Also  to  prove  the  fact  that  a  small  flock  of 
good  chickens  rightly  handled  is  a  good  economic  investment  on  the 
farm. 

HORSES. 

On  July  1,  1917,  the  Station  owned  eight  head  of  horses.  Three  head 
were  sold  off  in  the  fall.  The  other  five  kept,  came  through  the  year  in 
very  good  condition. 

FINANCIAL  STATEMENT  OP  THE  COST  OP  KEEPING. 

Feed: 

Bran  |52  30 

Oats 296  73 

Corn 434  10 

Hay,  22  tons  @  f  20 440  00 

Hay  29  00 
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Other  C08t8: 

Veterinary  charges f  24  00 

Shoeing  43  00 

Bedding 40  50 

Medicines   4  50 

Miscellaneous 10  68 


122  68 


Total  cost  not  including  labor f  1,374  81 


Receipts: 

3  horses  sold  ' 1550  00 

1  colt  sold  in  spring 125  00 


f 675  00 


Credit  on  remaining  feeds: 

Hay,  2  tons |  40  00                    i 

Grain  250  00                    ' 

Bedding 25  71 

Miscellaneous 8  20 

323  91 

Total  cost fl,050  90 

LAND  CLEARING.  ^ 

T 

Land  clearing  has  been  going  on  quite  rapidly  on  the  Station  farm. 
In  the  summer  and  fall  of  1916,  235  acres  were  cleared  of  second  growth 
and  slashings.  In  doing  this  work  a  strip  about  20  to  30  rods  wide 
was  cleared  around  the  entire  piece,  and  burned  at  favorable  times, 
to  help  keep  the  fire  under  control.  After  this  strip  was  entirely  cleared, 
men  were  put  to  setting  fires  over  the  entire  inclosed  tract,  at  such 
times  when  it  was  very  dry  and  the  wind  strong.  Fire  did  much  of 
the  clearing  and  reduced  the  labor  cost  fully  one-half.  It  cost  f946.68 
to  clear  the  entire  tract  of  slashings  and  second  growth,  or  an  average 
cost  of  |4.02  per  acre.  *  .  . 

SEEDING. 

This  tract  was  seeded  in  May,  1917,  with  the  following  mixture  and 
with  the  following  proportions  respectively :  Alfalfa  2  pounds.  Mammoth 
Clover  2  pounds,  June  Clover  2  pounds,  Timothy  4  pounds,  at  the  rate  of 
10  pounds  per  acre.  It  cost  $439.00  to  seed  this  entire  tract,  or  ?1.87 
per  acre.  The  seed  was  scattered  broadcast  among  the  stumps  with  an 
ordinary  hand  seeder.  The  soil  was  not  prepared  in  any  way,  nor  was 
the  seed  harrowed  in.  It  was  just  thrown  on  and  washed  into  the  soil 
by  the  rain.  The  seeding  that  developed  was  fairly  good.  After  one 
year  of  reseeding,  it  will  furnish  excellent  pasture  and  hay. 

All  of  the  different  seeds  are  well  represented.  It  is  planned  to  pas- 
ture this  new  seeding  for  a  period  of  four  or  five  years  before  plowing. 
At  the  end  of  this  time,  all  of  the  small  brush  will  have  been  killed  and 
the  stumps  mostly  rotted,  which  will  again  reduce  the  cost  of  clearing 
of  stumps  to  a  minimunu 
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All  area  of  over  40  acres  was  cleared  of  stumps  this  spring.  This 
tract  had  been  pastured  by  sheep  and  cattle  for  a  period  of  five  years. 
The  green  brush  was  entirely  killed  out.  The  roots  and  trunks  of  all 
of  the  stumps  were  well  rotted.  Fiv6  acres  of  tliis  tract  was  measured 
off  and  cleared  separately  for  the  purpose  of  ascertaining  the  exact  cost 


BEFORE  GRAZING  AND  BROWSING  BY  SHEEP 

of  removing  the  stumps.     Following  is  an  accurate  account  of  same 
including  cost  of  plowing  per  acre. 

Dynamite,  124  lbs.  at  $18.75  cwt $23  29 

Fuse,  365  @  70c  cwt 2  58 

Caps,  253  @  $1.45  cwt 3  69 

Man,  hours  110.5  @  25c 27  62 

Team,  hours  35  @  25c 8  25 

Total  cost  of  removing  stumps ^05  43 

Average  cost  per  acre 13  08 

Average   cost   of   first    i)]owing   ])er    aero, 

one  team  and  one  man  12  hours 0  00 

Total  cost  per  acre ^19  08 

Cost  of  clearing  of  second  growth  i)or  aero.  4  02 , 

•   Cost  of  seeding  per  acre 1  87  * 

Total  cost  of  all  per  acre $21  97 

This  data  shows  that,  even  under  those  conditions,  it  will  cost  ap- 
proximately $25.00  per  acre  to  clear  cut-ovor  land  of  hardwood  stumps, 
brush  and  slashings.  It  is  impossible  to  say  deftnitely  how  much  it 
would  cost  to  clear  land  of  slashings  and  green  stumps  immediately 
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after  the  timber  has  been  removed.  As  near  as  I  can  estimate  the  cost, 
as  taken  from  the  words  of  small  farmers  and  settlers,  it  would  be  be- 
tween f  75.00  and  f  150.00  per  acre. 

A  summary  of  my  arguments  for  the  land  clearing  policy  pursued  on 
the  Station  are :  First,  after  spending  the  small  sum  of  J?  1^.02  per  acre  on 
cut-over  land  and  f  1.87  per  acre  for  seed,  we  had  it  in  shape  to  raise  its 
first  good  crop — pasture.  Second,  this  crop  of  pasture  would  support 
from  two  to  three  sheep  per  acre  one  year  from  date  of  seeding  and  about 
4  to  6  thereafter.  Third,  that,  while  being  pastured  by  livestock,  the  soil 
fiertility  is  improving  and  the  green  sprouts  are  being  killed,  causing 
the  stumps  to  rot.  Fourth,  that  while  sheep  are  helping  to  clear  and  im- 
prove the  land,  they  are,  at  the  same  time,  turning  money  over  to  the 
owner  which  will  help  support  him  and  clear  the  land  of  its  remaining 
stumps  at  the  least  possible  cost. 

Note. — This  applies  only  to  hardwood.  Softwood  stumps  will  not 
decay  so  quickly. 
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M,  M.  MCCOOL  AND  C.  B.  MILLAR. 

Introduction. 

Lime  was  used  more  than  three  thousand  years  ago  in  parts  of  Europe 
to  improve  soils.  In  some  of  our  eastern  states  liming  has  been  practiced 
since  the  earlier  stages  of  the  agricultural  development  and  its  use  has 
gradually  spread  until  it  is  added  to  the  soil  to  a  greater  or  less  extent 
as  far  westward  as  the  regions  of  lighter  precipitation.  Moreover,  its 
need  is  quite  generally  recognized  in  several  of  the  older  settled  regions 
west  of  the  Cascade  Mountains.  In  reality  all  lands  in  the  humid  regions 
will  sooner  or  later  become  deficient  in  lime  since  it  is  constantly  removed 
from  the  soil  by  water  that  passes  through  it,  and  by  crops  taken  away. 

The  amount  of  lime  applied  to  the  soil  in  Michigan  is  steadily  increas- 
ing from  year  to  year.  Although  our  laboratory  and  field  investigators 
have  not  progressed  far  enough  to  make  possible  accurate  statements 
concerning  the  deficiency  of  lime  in  Michigan  soils,  it  is  conservative  to 
estimate  that  the  majority  of  them  are  in  need  of  it,  especially  the  older 
fields.  Moreover,  these  studies  show  that  this  condition  is  not  con- 
fined to  any  particular  class  of  soil  such  as  sands,  loams  and  clays  and 
mucks,  but  is  more  or  less  common  to  all,  yet  the  fact  should  not  be 
overlooked  that  calcareous  formations  or  those  high  in  lime  occur  in 
all  classes  of  soil. 

The  lime  requirement  for  maximum  returns  on  the  investment  varies 
greatly.  Many  fields  require  only  small  quantities  in  order  to  obtain 
satisfactory  results  from  clover  and  alfalfa,  while  medium  to  very  large 
amounts  must  be  applied  to  others  to  establish  these  crops  and  produce 
suitable  yields  of  many  others. 

FUNCTIONS  OP  LIMB. 

The  benefits  derived  from  applications  of  lime  are  the  results  of 
changes  induced  in  the  soil  that  make  them  more  suitable  for  plant 
growth.  Some  of  the  functions  that  lime  performs  are  very  general 
in  their  occurrence,  while  others  are  more  specific,  being  confined  to 
a  limited  number  of  soils.  Inasmuch  as  several  or  all  of  the  effects 
of  liming  may  be  operative  at  the  same  time  it  is  indeed  complex,  and 
therefore  variable  results  from  its  use  are  to.  be  expected.  The  various 
functions  that  lime  may  perform  in  the  soil  may  be  conveniently  grouped 
as  follows: 

1.  Modification  of  soil  structure  or  tilth. 

2.  Neutralization  of  acids  and  other  injurious  substances. 

3.  Meeting  the  silicate  requirements. 
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4.  Effect  upon  the  availability  of  minerals. 

5.  Increase  the  rate  of  decay  of  vegetable  matter. 

6.  Increase  the  efficiency  of  fertilizers  and  manures. 

7.  Supply  needed  lime  to  plants. 

Improvement  of  the  Physical  Condition  of  the  Soil.  It  was  formerly 
assumed  that  the  chief  reason  for  addin^i:  lime  to  the  soil  was  to  improve 
its  physical  condition  or  tilth  due  to  its  granulating  effect  upon  the 
fine  particles.  It  is  recognized  that  heavy,  compacted  soils  may  be  some- 
•  what  improved  in  this  respect  by  liming,  but  this  action  is  less  general  in 
occurrence  and  also  less  important  than  others. 

Neutralization  of  Acids  and  Other  Substances  Injurious  to  Plants. 
Some  poorly  drained  soils  as  well  as  some  that  contain  very  large 
quantities  of  vegetable  matter  such  as  peats  and  mucks  carry  acids  in 
their  soil  moisture.  These  may  be  injurious  to  plants,  the  extent  of 
the  inhibitive  effect  depending  upon  the  amount  present.  Although 
adequate  drainage  may  improve  many  such  soils  liming  is  effective 
inasmuch  as  lime  neutralizes  these  acids.  Moreover,  other  injurious 
substances  which  occur  in  some  soils  may  be  counteracted  by  adequate 
applications  of  lime. 

Meeting  the  Silicate  Requirements.  One  of  the  chief  effects  to  be 
gained  from  liming  the  majority  of  mineral  Roils  is  to  supply  the  silicates 
with  lime.  It  is  known  that  the  loss  of  lime  from  the  soil  leaves  the 
silicate  compounds,  which  compose  the  major  portion  of  the  mineral 
constituents  of  the  soil,  deficient  in  lime.  This  condition  is  detrimental 
to  plants  and  is  popularly  spoken  of  as  soil  acidity  or  sourness  of  soils. 

Effect  Upon  the  AvailaMlity  of  Minerals.  Lime  may  increase  the 
availability  of  mineral  plant  food  in  some  soils.  This*  action  of  lime 
has  long  been  held  to  be  a  very  general  and  also  a  very  important  one, 
special  emphasis  having  been  placed  upon  the  liberation  of  phosphorus 
and  potash  to  the  plants,  but  recent  investigations  iiulicate  that  undue 
emphasis  has  been  placed  upon  this  action,  it  being  negligible  with 
some  soils. 

Increase  the  Rate  of  Decay  of  Vegetable  Matter.  It  is  well  known 
that  the  presence  .of  sufficient  amounts  of  lime  in  the  soil  results  in  a 
more  rapid  decay  of  vegetable  matter  as  evidenced  by  the  dark  green 
color  of  various  crops  growing  on  limed  land  as  well  as  the  slightly 
delayed  maturity  in  some  cases.  Moreover,  the  amount  of  nitrogen  in 
the  roots,  tops  and  seeds  of  crops  may  be  increased  by  the  addition  of 
lime  to  the  soil.  Such  changes  in  the  composition  of  the  crops  of  course 
show  that  the  available  nitrogen  in  the  soil  is  increased  by  lime  and 
involve  the  soil  bacteria.  It  is  obvious  that  the  free  use  of  lime  on  the 
soil  without  suitable  crop  rotation  and  constant  renewal  of  the  vegetable 
matter  content  by  means  of  stable  manure,  ci^op  residues,  and  catch 
crops  will  result  disastrously.  On  the  other  hand,  if  these  precautions  are 
taken  the  lime  will  be  instrumental  in  maintaining  the  vegetable  content 
due  to  the  increased  crop  production.  In  some  soils,  more  frequently 
in  muck  than  others,  the  root  development  of  crops  is  retarded,  being 
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confined  to  the  surface  layers  of  soil  untiLllme  is  added  and  worked 
deeply  into  the  soil.  Futhermore,  tlie  presence  of  lime  in  the  soil  is 
favorable  for  the  development  of  bacteria  that  enter  the  roots  of  legumin- 
ous crops  residting  in  the  fixation  in  the  plants  of  nitrogen  from  the  soil 
atmosphere.  Organisms  that  are  able  in  the  absence  of  legumes,  to  remove 
nitrogen  from  the  air  and  make  it  available  to  plants  are  likewise  bene- 
fited by  lime.  It  is  probable  that  the  amount  of  nitrogen  so  made  avail- 
able is  small,  yet  it  seems  to  be  worthy  of  consideration. 

Lime  Increases  the  Efficiency  of  Fertilizers  and  Manures.  Experience 
teaches  that  maximum  returns  from  commercial  fertilizers,  stable  and 
green  manures  are  not  obtained  when  there  exists  one  or  more  adverse 
conditions  such  as  poor  drainage,  deficiency  of  water  in  the  soil,  poor 
tilth,  or  lack  of  lime.  It  is  unquestionably  true  that  applications  of  lime 
to  many  of  our  soils  long  under  cultivation  as  well  as  some  of  the 
newer  ones  should  precede  that  of  fertilizers.  If  this  were  done  a  more 
economical  use  of  stable  and  green  iftanures  would  result. 


Fig.  1. — L«ft.  Manure  and  Limestone.  Yield  «,460  Pounds  Per  Acre:     Rtf^ht.  Manure  Alone, 
Yield  3.740  Pounds  Per  Acre. — Purdue  University,  A^icultural  Experiment  Station. 

Some  soils  do  not  contain  sufficient  lime  to  meet  the  needs  of  the  crops 
grown.  There  is  an  appreciable  amount  of  evidence,  contrary  to  past 
assumptions,  that  the  use  of  lime  on  some  soils  results  beneficially  be- 
cause it  is  needed  in  plant  nutrition,  especially  is  this  the  oase  with 
such  crops  as  clover  or  alfalfa,  or  those  that  remove,  large  quantities 
from  the  soil. 

FORMS  OP  LIME. 

Lime  is  placed  on  the  market  in  three  forms,  namely,  the  oxide,  the 
hydrate  and  the  carbonate. 
These  different  forms  are  often  given  a  variety  of  names.    The  oxide 
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is  known  as  quick  lime,  burnt  lime,  stone  lime,  caustic  lime,  lump  lime, 
unslaked  lime  and  building  lime.  The  hydrated  lime  also  is  called  slaked 
lime.  The  carbonate  is  the  form  of  lime  found  in  ground  limestone  and 
marl  and  also  occurs  in  air  slaked  lime. 

The  term  "agricultural  lime"  may  be  applied  to  any  of  the  above 
forms  and  refers  to  lime  sold  for  agricultunil  purposes  but  unfortunately 
not  necessarily  to  a  product  especially  well  adapted  for  application  to 
the  soil. 

When  high  grade  limestone  is  burned  in  a  kiln,  100  pounds  of  the 
dry  stone  gives  off  approximately  44  pounds  of  carbon  dioxide  gas,  leav- 
ing about  56  pounds  of  lime  oxide  or  quick  lime.  IVhen  50  pounds  of 
quick  lime  is  moistened  it  takes  up  18  pounds  of  water  and  forms  74 
pounds  of  slaked  lime  or  hydrated  lime.  It  is  evident  then  that  56 
pounds  of  quick  lime,  74  pounds  of  hydrated  lime  and  100  pounds  of 
limestone  or  lime  carbonate  have  the  same  iK>wcr  to  satisfy  the  needs 
of  the  soil.  However,  some  of  these  forms  are  much  more  soluble  than 
others  and  consequently  react  with  the  soil  much  more  quickly  and  in 
consequence  we  do  not  use  these  materials  in  these  proportions  in  the 
field. 

SOURCES  OF  LfMB. 

l^ichigan  is  fortunate  in  possessing  two  inexhaustible  sources  of  lime, 
her  limestone  deposits  and  marl  beds. 

Limestone.  At  present  there  are  in  the  State  about  forty-seven  lime- 
stone quarries.  The  majority  of  these  are  locatijd  in  the  Upper  Penin- 
sula aind  northern  part  of  the  lower  peninsula^.  There  is  a  group  of 
quarries  in  the  extreme  southeastern  part  of  the  State  and  an  occasional 
quarry  is  fpund  along  the  eastern  coast  and  at  .^tliier  points  throughout 
the  commonwealth.  ^ .  -  : 

. '' "  "■■■*, 

These  quarries  produce  stone  for  a  grejit  variety,  of  jjurposes,  only  a 

small  portjon  of  their  output  being  iised  in  agriffilture.  Some  of  the 
quarries  turn  out  only  a  coarsely  ground  rock  coAtaJning  small  amounts 
of  fine  material,  while  others  furnish  a  very  finely  ground  high  grade 
rock.  The  limestone  from  the  Michigan  quarries  are  quite  variable  in 
composition  some  containing  96  to  97  per  cent  of  calcium  carbonate 
with  only  a  trace  of  magnesium  carbonate,  while  others  cari^y  as  much 
as  44  or  45  per  cent  of  magnesium  carbonate. 

Marl.  There  occur  thoughout  the  State  many  beds  of  marl  varying 
from  low  to  very  high  grade.  The  lime  is  present  in  the  marl  as  carbo- 
nate and  hence  supplies  calcium  to  the  sqjl  in  the  same  form  as  ground 
limestone.  In  addition  to  lime  carbonate  some  marls  contain  varying 
amounts  of  magnesium  carbonate,  which  also  meets  the  "lime  requii^e- 
ment"  of  the  soil.  The  value  of  marl  then,  depends  on  the  amount  of 
calcium  and  magnesium  carbonates  it  contains.  A  marl  carrying  90 
percent  or  more  of  these  carbonates  is  considered  to  be  of  \ery  high 
grade. 

Occurrence  of  Marl.   Marl  is  frequently  found  underlying  areas  of  muck 
and  peat  and  also  along  the  shores  and  in  the  beds  of  lakes.    In  some  ^ 
instances  the  marl  is  covered  by  a  few  inches  of  muck  while  in  others 
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it  lies  beneath  several  feet  of  it.  The  thickness  of  the  beds  or  deposits 
is  also  quite  variable.  The  marl  owes  its  existence  to  lime  that  was 
washed  out  of  the  surrounding  soil  and  deposited  in  lakes  and  to  the 
accumulation  of  shells  of  lower  animals  such  as  the  raoUusca. 

As  it  occurs  in  the  beds,  marijs  generally  a  pas^  mass  varying  in 
color  from  light  to  dark-gray  depending  upoii  the  impurities  present. 
Upon  drying  it  becomes  lighter  in  color  and  is  easily  crumbled,  or 
broken  up.  If  a  small  amount  is  placed  in  half  a  tumbler  of  strong 
vinegar  or  weakened  muriatic  acid  it  will  give  otf  bubbles  of  gas  and 
go  into  solution.  This  is  one  method  of  identifying  marl  as  well  as 
roughly  estimating  its  purity.  Some  deposits  are  filled  with  small 
shells  which  aid  in  identifying  this  material. 


Figure  2.       An  Easily  Accessible  Marl  Bed. 
A  more  ;?eneral  utilization  of  Michigan's  marl  deposits  for  agricultural  purposes  is  desirable. 

Water  Content  and  Weight  of  Marl.  AVhen  marl  is  thrown  out  of  the 
bed  and  allowed  to  drain  the  amount  of  moisture  retained  is  quite 
variable  and  depends  somewhat  on  the  amount  of  impurities.  In  general 
the  purer  the  marl  the  less  water  it  will  hold  but  sandy  marls  contain 
less  water  than  clay  marls.  The  following  table  shows  the  water  con- 
tent, the  weight  of  a  cubic  yard  and  the  weight  of  lime  carbonate  con- 
tained in  a  cubic  yard  of  several  Michigan  maris. 


Digitized  by 


y  Google 


4d8 


STATE  BOARD  OP  AGRIOULTUBB. 


Tabic  /. — WATER  CONTENT  AND  WEIGHT  OF  MARU 
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eight  of  cubic  yard 
dry,  in  pounds. 

eight  of  cubic  yard ' 
of  wet   MarU   In! 
pounds.                   { 

1 

eight  of  Ume  Car- 
bonate in  1  cubic 

■ 

t.  of  Lime  Carbon- 
ate in  1  cubic  yard 
of  wet  marl. 
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32 

^ 

^ 

^ 
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75 

46.7 

1652 

2430 

1239 

1239 

2 

85 

45.5 

31.3 

1665 

2424 

1415 

1415 

3 

88 

38.9 

26« 

1670 

2319 

1470 

1470 

4 

95 

35.1 

1731 

2339 

1644 

1644 

Sugar  Factory  Lime.  Lime  is  used  by  sugar  factories  to  clarify  artd 
purify  the  juice  and  since  impurities  cause  trouble  later  in  the  process 
of  refining  a  very  high  grade  of  lime  is  used.  Milk  of  lime  is  added  to 
the  vats  of  juice  and  then  carbon  dioxide  is  run  in  to  precipitate  the 
lime  as  lime  carbonate.  This  is  later  filtered  out  and  discarded.  This 
material  contains  a  small  amount  of  organic  matter  from  the  beet  juice 
but  otherwise  is  a  very  pure  carbonate  of  lime  and  is  admirable  material 
for  applying  to  the  soil.  It  can  generally  be  purchased  at  a  low  cost 
since  it  is  simply  a  waste  product.  It  very  often  contains  water  and 
hence  it  should  be  bought  by  the  yard  rather  than  by  the  ton  since  a 
cubic  yard  will  contain  about  the  same  amount  of  lime  carbonate  whether 
the  material  is  wet  or  dry. 

There  is  another  form  of  lime  which  may  occasionally  be  obtained 
from  sugar  factories.  This  is  the  cleanings  from  the  kiln.  Many  of 
the  factories  prefer  to  burn  their  own  lime  and  when  the  kilns  are 
cleaned  a  quantity  of  impure  burnt  lime  or  btone  lime  is  obtained.  This 
material  is  variable  in  composition  but  is  mostly  quick  lime  when  fresh ; 
after  standing  a  short  time  it  contains  a  large  amount  of  hydrated  lime. 

Wood  Ashes.  In  some  localities  wood  ashes  may  be  obtained  in  suffi- 
cient quantities  to  apply  to  the  soil.  Ordinanly  wood  ashes  contain 
from  20  to  50  per  cent  of  lime  expressed  as  quick  lime  but  they  are 
usually  applied  to  the  soil  as  a  source  of  potash. 

TAme  from  Acetone  and  Alkali  Works.  There  are  in  the  State  various 
acetone  and  alkali  works  which  turn  out  lime  as  a  by-product.  This 
material  is  usually  of  high  grade,  its  chief  drawback,  being  a  high-water 
content  if  exposed  to  the  elements.  When  it  can  be  obtained  near  at 
hand  and  at  a  low  price- it  is  sometimes  more  advisable  to  use  such 
products  than  to  buy  the  more  expensive  forms  of  lime.  The  cost  of 
transportation  and  difficulty  in  dislribulion  must  be  taken  into  con- 
sideration when  figuring  the  cost. 


CHANGES  LIME  UNDERGOES  WHEN  ADDED  TO  THE  SOIL. 

When  the  various  forms  of  lime  are  added  to  the  soil  their  composi- 
tion is  altered.    The  change  that  is  now  considered  to  be  most  desirable 
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is  the  union  of  the  lime  and  silicates  to  form  calcium  silicates  or  the 
correction  of  so-called  soil  acidity.  When  hydrated  lime  is  added  to  the 
soil  some  of  it  goes  to  form  air-slaked  lime  or  the  carbonate  jmd  some 
the  calcium  silicate.  Now,  the  lime  or  magnesium  carbonate  thus  formed 
or  added  to  the  soil  as  marl  or  ground  limestone  likewise  passes  to  the 
silicates. 

It  is  now  understood  that  the  immediate  efficiency  of  the  various  forms 
of  lime  is  dependent  upon  the  rate  at  which  they  pass  over  to  the 
silicate.  The  hydrate  is  quite  rapid  and  tlie  carbonates  are  governed 
mainly  by  their  mechanical  state  or  the  si/o  of  their  particles  as  well 


1 


Fljrure  3.      The  More  Finely  Ground  Limestone  Reacts  More  Quickly  With  the  Soil. 

1.  No  Lime.    2.  Lime  requirement  as  10-20  mesh  limestone.    3.  Lime  requirement  as  40-60  mesh 
limestone.    4.  Lime  requirement  as  60-80  mesh  limestone.    5.  Lime  requirement  as  marl. 

as  the  thoroughness  of  mixing  with  the  soil  mass.  Particles  of  lime- 
stone approximating  1/100  of  an  inch  in  diameter  or  so-called  100  mesh 
lime  are  about  as  rapid  in  correcting  soil  acidity  as  the  hydrate  or 
2,000  pounds  of  it  approximates  1,500  pounds  of  tlie  hydrate  in  this  re- 
spect, as  exemplified  by  table  II. 

TABLE  II.—EFFECT  OF  FORMS  AND  FINENESS  OP  LIME  ON  THE  YIELDS  OF  KYE 
ON  CASS  COUNTY  EXPERIMENTAL  PLOTS.     SANDY  SOIL.     1918. 


Troatnient. 


Bushels  per 
acre. 


Hydrated  lime  and  acid  phosphate  and  nitrate  of  soda 

Marl  and  acid  phosphate  and  nitrate  of  soda 

Limestone  passing  80  mesh  screen,  and  acid  phosphate  and  nitrate  of  soda. . . . 
Limestone.  40-60  mesh,  and  acid  phosphate  and  nitrate  of  soda 


21.60 
18.40 
21.28 
18.36 


Limestone,  10-20  mesh,  and  acid  phosphate  and  nitrate  of  soda |  14.40 


No  treatment. 


12.82 


Some  limestone  deposits  contain  calcium  or  lime  carbonate,  and  also 
magnesium  carbonate.  If  the  amount  of  the  latter  is  rather  high  they 
are  popularly  spoken  of  as  magnesium  limestones.  The  larger  particles 
of  magnesium  limestones  are  somewhat  slower  in  their  .nction  than  the 
non-magnesium  limestones  as  illustrated  by  results  reported  by  the 
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Pennsylvania  Agricnltural  Experiment  Station  in  Table  III.  In  these 
studies  equal  quantities  of  a  given  soil  were  treateil  with  the  same 
amount  of  magnesian  and  non-ma  gnesian  limestones,  the  particles  of 
which  ranged  in  size  from  coarse  to  very  fine.  After  a  period  of  three 
years  the  comparative  rate  of  change,  or  the  efticiency  of  these  in  meet- 
ing the  soiFs  requirement  was  ascertained  by  chemical  means.  Accord- 
ing to  these  results  if  the  particles  are  very  fine  the  difference  in  the 
rate  of  transformation  is  negligible. 

TABLE  ///.— ^COMPARATIVE   BATH  OP   TKAj^aB^ORWATrdN    OP   LIMESTONE    IN    THE 

SOIL. 

Per  cent,  of  total  carbonates  not  recovered  after  three  years. 


Magnesium 
lilmestone. 


100  mesh  limestone 

60  mesh  limestone 

20  mesh  limestone 

8  mesh  limestone 


If  the  lime  is  not  mixed  with  the  soil  mass,  of  course,  its  efficiency  is 
somewhat  impaired.  Inasmuch  as  the  individual  particles  of  marl  are 
very  minute  its  immediate  effectiveness  is  governed  largely  by  the  condi- 
tion in  which  it  goes  into  the  soil.  If  lumpy,  naturally  larger  quantities 
are  required  to  bring  about  a  given  result  than  if  it  is  more  or  less 
disintegrated.  As  it  usually  goes  on  the  Jand,  about  2^/^  to  15  cubic 
yards  of  95%  marl  are  required  to  equal  1,500  pounds  of  the  hydrate 
and  2,000  pounds  of  the  powdered  limestone  respectively.  This  ratio 
decreases  the  second  year  inasmuch  as  the  lumps  are  broken  down  by 
freezing  and  changes  in  the  water  content. 

CROPS  BENEPITKJD  BY   LIMB. 

The  response  of  our  cultivated  plants  to  lime  is  variable  some  being 
more  tolerant  of  a  deficiency  in  the  soil  than  others.  Keports  on  record 
show  that  some  crops  will  thrive  on  a  given  soil  without  application 
of  lime  and  others  will  not,  while  some  soils  are  so  low  in  lime  that 
they  are  practically  barren  of  plant  gi'owth.  Thus,  in  discussing  the 
response  of  different  crops  to  lime  it  is  essential  that  the  condition  of 
the  soil  with  respect  to  this  substance  be  considered.  Some  of  the  field 
crops  that  are  known  to  respond  to  lime  are  as  follows  ; 
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Legumes 

Non-legumes 

Alfalfa 

Corn 

Potatoes 

Sweet  clover 

Oats 

Carrots 

Crimson  clover 

Wheat 

Turnips 

Mammoth  clover 

Barley 

Cucumbers 

June  clover 

Rye 

Cantaloupes 

Alsike  clover 

Timothy 

Pumpkin 

Soybeans 

Buckwheat 

Tobacco 

Cow  peas 

Sorghum 

Cabbage 

Beans 

Beets          £ 

bit  Ji--i'-^;'      . 

Vetch. 

* 

P^^J?Vp:.: 

i^-~:^,' 

Where  soils  are  low  in  lime  the  following  vegetables  are  known  to  re- 
spond to  its  use:  Pepper,  parsnips,  salsif3\  jsquash,  spinach,  red  beet, 
celery,  cauliflower,  lettuce,  and  onion.  Many  plants  grown  for  their 
blossoms  also  respond  to  lime. 

SOME  RESULTS  PROM  THE  USB  OF  LIME. 

lime  may  be  utilized  with  ample  margin  of  profit  on  so-called  sour 
soils.  Experiment  station  workers  in  many  states  by  means  of  well- 
planned  and  carefully  conducted  field  trials  have  shown  conclusively 
that  the  use  of  lime  on  such  soils  is  sound  practice.  For  example, 
Thome  and  co-workers  of  the  Ohio  Agricultural  Experiment  Station 
have  made  many  valuable  contributions  to  our  knowledge  of  the  lime 
relationships  of  soils  and  crops. 

Wiancko  and  others,  of  the  Indiana  Agricultui*al  Experiment  Station 
report  that  three-fourths  of  the  soils  in  the  State  are  in  need  of  lime. 
Wbere  ground  limestone  has  been  used  on  the  experimental  farms  it 
has  returned  safe  margins  of  profit. 

The  results  of  Illinois  experiments,  on  soils  deficient  in  lime,  con- 
ducted by  Hopkins  and  associates,  show  very  strikingly  that  many  soil 
must  be  liberally  treated  with  lime  before  they  can  be  permanently  im- 
proved. Hopkins,  (1912)  in  commenting  upon  the  results  of  Fome  145 
tests  in  six  counties,  states  that  the  value  of  the  increase  lias  been  about 
four  times  the  cost  of  the  regular  application  of  two  tons  of  limestone 
per  acre  every  four  years. 

Whitson  and  associates  of  the  University  of  Wisconsin,  by  means  of 
many  field  experiments  as  well  as  laboratory  investigations  report  that 
soils  deficient  in  lime  are  quite  common  in  Wisconsin  and  strongly 
recommend  its  use  on  such  for  their  improvement. 

Several  experiment  stations  more  remote  from  Michigan  have  made 
contributions  to  this  subject,  notably,  Delawai*e,  Maryland,  New  Jersey, 
Rhode  Island,  Massachusetts,  Pennsylvania,  Tennessee  and  Missouri. 

Reports  from  several  county  agricultural  agents  and  many  farmers  in 
different  sections  of  Michigan,  as  well  as  results  obtained  from  recently 
inaugurated  field  tests  indicate  that  the  use  of  lime  on  the  majority 
of  our  soils  is  profitable. 

Liming  where  needed  increases  the  efficiency  of  fertilizers  and  stable 
manure.  Many  are  the  reports  to  the  effect  that  commercial  forms  of 
plant  food  are  unsatisfactory  without  lime.  Some  of  our  recently 
inaugurated  field  tests  also  show  that  lime  may  greatly  increase  the 
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Fi^re  4ft.    Untreatetl  Portion  of  Field, 


Treated  With  Marl  and  Acid  PhoKphate. 

Figure  4b.     Lime  and  fertilizer  often  make  possible  fine  stands  of  clover. 

This  Ingham  county  sandy  soil  has  refused  to  grow  profitable  crops  of  clover  for  years,  but 

when  treated  with  marl  and  acid  phosphate  good  catches  ar«  obtained. 

Compart!  with  figurG  4a. 


Digitized  by 


Google 


EXt^ERlMteNl?  S1?AT10N  BtJLLfiTlNS.  603 

Value  of  other  treatments,  especially  manure  ami  phosphates  when  they 
are  added  singly  or  together  to  the  soil.  These  results  are  in  accord 
with  those  obtained  from  long  continued  trials  in  other  states. 


Fiffure  5.    Oats  and  Other  Grain  Crops  are  Benefited  by  Liming. 

On  the  left  is  seen  the  effect  of  treating  a  Van  Buren  county  soil  with  manure  and  ground 
limestone.    On  the  right,  manure  alone  was  used. 


HOW  TO  DETERMINE  IP  A  SOIL  NEEDS  LIMB. 

There  is  a  general  impression  that  a. sample  of  soil  may  be  taken  into 
the  laboratory  and  the  exact  amount  of  lime  needed  to  correct  its 
acidity  determined.  It  is  true  that  a  number  of  methods  have  been 
outlined  and  extensively  employed  for  this  purpose  and  have  doubtless 
yielded  much  valuable  information.  But  as  yet  no  method  has  been  de- 
vised which  enables  one  to  determine  how  much  lime  it  is  most  advan- 
tageous to  use  in  the  field.  The  results  obtained  for  a  given  soil  by 
different  methods  are  quite  variable  and  in  consequence  the  lime  require- 
ment of  the  soil  will  depend  somewhat  on  the  analytical  method  em- 
ployed. 

There  are,  however,  methods  of  determining  whether  or  not  a  soil  is 
in  need  of  lime  but  which  make  no  attempt  to  detormine  the  exact  amount 
that  should  be  applied. 

Perhaps  the  simplest  of  these  methods  is  the  litmus  paper  test.  To 
make  this  test  the  soil  is  moistened  with  rainwater,  and  made  into  a 
ball.  This  is  broken  open  and  a  strip  of  blue  litmus  paper  inserted  into 
the  opening  and  the  soil  pressed  firmly  together  around  the  paper.  In 
about  five  minutes  the  paper  is  removed  and  examined.  If  the  color  is 
pipk  the  soil  is  considered  to  be  in  need  of  lime.  In  making  this  test 
great  care  must  be  exercised  to  obtain  a  good  grade  of  litmus  paper. 
That  obtained  from  the  drug  store  is  often  not  suflSciently  sensitive  to 
give  satisfactory  results.    The  paper  should  not  be  handled  when  the 
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fingers  are  moist  with  perspiration  as  this  will  redden  it.  Only  soft 
water  should  be  used  to  moisten  the  soil. 

Treating  the  soil  with  muriatic  acid  and  noting  if  bubbling  occurs  is 
recommended  as  a  test  for  an  excess  of  lime  but  not  necessarily  a  de- 
ficiency of  lime.  No  gas  may  be  given  off  from  a  soil  and  yet  the  growth 
of  crops  on  the  soil  may  not  be  increased  for  several  years  by  the  use  of 
lime. 

The  nature  of  the  growth  of  plants  on  a  soil  is  a  good  indication  of  its 
need  of  lime.  Failure  or  poor  gi'owth  of  clover,  alfalfa  and  sweet  clover 
is  very  often  due  to  lack  of  lime.  A  medium  stand  of  these  crops  in 
many  cases  would  have  been  much  improved  had  lime  been  applied 


Figure  G.    Lime  in  the  Soil  is  Essential  to  Good  Stands  of  Sweet  Clover  and  Alfalfa. 

If  this  Kent  county  farmer  had  covered  his  field  with  marl  he  would  have  had  an  abundance 

of  hay. 

while  preparing  the  ground  before  the  seeding.  Some  plants  such  as 
sorrel  are  able  to  grow  in  soils  deficient  in  lime,  and  hence  subsist  where 
more  sensitive  ones  fail.  For  this  reason  the  presence  of  much  sorrel 
is  considered  an  indication  of  a  sour  soil. 

As  pointed  out  on  another  page  of  this  bulletin  most  farm  crops  are 
favored  by  the  presence  of  an  abundance  of  lime  in  the  soils,  the  effect 
being  especially  noticeable  on  alfalfa  and  sweet  clover.  Consequently 
the  most  satisfactory  method  of  determining  the  lime  needs  is  to  apply 
some  form  of  lime  in  different  amounts  and  carefully  note  the  results  ob- 
tained. If  ground  limestone  is  used  the  trial  applications  should  vary 
in  amount  from  one  to  three  or  four  tons  per  acre.  If  the  hydrate  Is 
employed  strips  of  land  should  receive  amounts  ranging  from  one-fourth 
to  one  ton  per  acre. 
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HOW  TO  APPLY  LIME. 

lime  to  be  most  effective  must  be  thoroughly  worked  into  the  soil. 
A  thorough  incorporation  with  the  soil  mass  results  in  the  root  system 
of  the  crops  grown  coming  in  contact  with  larger  areas  of  limed  soil. 
Powdered  limestone,  marl  or  hydrated  lime  should  not  be  applied  to  wet 
soils,  since  the  particles  form  small  groups  thus  markedly  slowing  up 
their  actions.  Usually  best  results  are  obtained  when  lime  is  applied  to 
the  soil  previous  to  forming  the  seed  bed. 

Machines  may  be  employed  for  spreading  lime.  One  type  is  attached 
to  the  wagon  which  carries  the  lime  while  the  other  runs  on  its  own 
wheels  as  a  separate  machine.  The  latter  is  in  most  favor  because  it 
"can  be  operated  by  one  man  and  with  less  horse-power  than  is  required 
to  draw  the  farmer  and  the  loaded  wagon. 


No  Lime.  Lime  as  Top-dressing  in  Lime  Harrowed 

Spring  After  Seeding.  in  Before  Seeding. 

Figure  7.    Timothy — Though  Incorporation  of  Lime  With  the  Soli  Is  Essential  for  Maximum 

Results. 

This  type  of  machine  may  be  purchased  on  the  market  or  may  be  made 
by  a  blacksmith  and  carpenter.  A  complete  description  of  the  plans  for 
making  a  spreader  for  ground  limestone  is  presented  in  Illinois  Agri- 
cultural Experiment  Station  Circular  110. 

Although  ground  limestone  and  hydrated  lime  may  be  distributed  from 
the  wagon  or  heaps  in  the  field  by  means  of  a  shovel,  it  is  usually  ad- 
visable to  employ  a  machine  since  its  use  results  in  a  more  uniform 
distribution  when  somewhat  smaller  applications  are  required. 

If  the  caustic  or  stone  lime  is  used  it  is  generally  advisable  to  place 
it  in  small  heaps  about  the  field  and  cover  these  with  moist  earth  until 
slaked  and  then  distributed  by  means  of  a  shovel.  If  the  lime  is  not 
too  lumpy  it  may  be  distributed  without  this  treatment. 

Marl  may  be  applied  to  the  soil  with  a  shovel,  a  manure  spreader  or 
if  dry  and  sufficiently  pulverized  with  a  lime  spreader.  In  the  use  of 
the  manure  spreader  precaution  should  be  taken  to  prevent  overloading. 
Some  apply  marl  and  manure  to  the  soil  at  the  same  operation  where 
the  heap  of  marl  is  accessible,  thus  saving  an  appreciable  amount  of 
labor. 

Other  methods  of  making  more  efficient  use  of  labor  may  be  employed. 
The  limestone  should  be  hauled  at  once  thus  releasing  the  car  and 
avoiding  demurrage.    Arrangements  should  also  be  made  to  spread  the 


Digitized  by 


Google 


606  STATE  BOARD  OF  AGRICULTURE. 

lime  as  it  comes  from  the  car  thus  saving  the  labor  of  a  second  handling. 
This  can  often  be  accomplished  cooperatively,  that  is  if  neighbors  order 
lime  and  assist  each  other  in  hauling  and  spreading  it. 

Where  the  lime  is  hauled  two  miles  or  less  two  men,  a  driver  and 
two  teams  with  three  wagons  and  one  lime  spreader  can  take  20  to  30 
tons  from  the  car  and  spread  it  in  two  days.  One  man  is  'kept  in  the 
car  loading  the  lime  into  a  wagon.  The  driver  with  one  team  hauls  the 
loaded  wagon  to  the  field,  leaves  it,  and  takes  an  empty  wagon  back  to 
the  car  and  returns  with  another  load.  The  other  man  remains  in  the 
field  and  spreads  the  lime.  If  the  field  is  large  the  load  may  be  hauled 
to  the  middle  line  of  the  field  and  the  distributor  filled  at  this  point. 
Other  labor  saving  plans  that  are  suitable  to  local  conditions  doubtless 
can  be  worked  out. 

r""      " "    


Figure  8. — A  Lime  Spreader  Is  the  Most  Rapid  and  Convenient  Means  of  Distributing  liiuic 

Evenly. 

Dry  lime  should  not  become  moist  before  its  distribution.  It  is  fre- 
quently impracticable  to  distribute  lime  when  it  is  removed  from  the 
car  thus  necessitating  its  storage.  Under  such  conditions  it  is  advisable 
to  cover  it  in  some  manner  inasmuch  as  less  labor  is  required  to  distri- 
bute it  in  the  dry  than  in  the  wet  condition,  when  it  readily  passes 
through  the  distributor  and  in  addition  the  finer  grades  do  not  become 
lumpy. 

If  bags  of  lime  are  stored  or  piled  in  the  field  much  labor  may  be 
saved  by  properly  arranging  the  bags  in  the  heaps.  If  the  bags  are 
stacked  so  that  a  maximum  number  may  be  taken  from  a  higher  plane 
and  placed  upon  an  adjacent  lower  plane  an  appreciable  amount  of 
labor  may  be  saved  in  handling.  This  may  be  accomplished  by  erecting 
one  heap  to  a  convenient  height,  the  thickness  being  the  length  of  a  sack. 
Joints  should  be  formed  at  the  ends  in  order  to  hold  the  bags  in  place. 
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A  second  heap  is  built  parallel  and  adjacent  to  the  first  and  to  the  same 
height.  Then  boards  may  be  placed  thereon  and  additions  made  to  the 
first  until  a  convenient  height  is  again  reached.  Usually  about  eight 
feet  is  the  most  practicable  height  to  attain.  In  removing  the  bags  the 
reverse  order  from  stacking  should  be  followed. 

Usually  considerable  time  and  labor  is  wasted  when  the  lime  Ls  taken 
from  the  bag  and  placed  in  the  lime  spreader.  A  convenient  scheme  is  to 
obtain  a  com  husking  hook  that  can  be  fastened  on  the  right  hand; 
the  bag  is  placed  on  the  screen  of  the  spreader  on  edge.  By  means  of  the 
hook  an  opening  is  made  along  the  flat  side  and  near  the  'center,  per- 
pendicular to  this  slit  and  again  near  the  center  of  the  flat  side  of  the 
bag  another  opening  is  made.  The  lime  may  readily  be  removed  by 
turning  the  split  side  of  the  bag  downward  upon  the  screen. 


Figure  9.  Vetch  Does  N(»t  Thrive  on  Many  of  the  Light  Soils  Until  They  Have  Been 
Limed.  The  Samples  of  Vetch  Shown  in  This  Figure  Were  Taken  From  Equal  Areas  of  a  Limed 
and  Unlimed  Sandy  Soil. 

WHEN  TO  APPLY  LIMB. 

Since  lejnimes  are  on  the  whole  more  sensitive  to  a  lack  of  lime  in 
the  soil  than  other  crops  it  is  generally  considered  best  to  apply  lime 
preceding  these  crops.  When  clover  or  alfalfa  is  to  be  seeded  in  wheat 
or  rye  the  lime  should  be  spread  after  plowing  and  worked  into  the  soil 
when  the  seed  bed  is  prepared.  If  the  seeding  is  to  be  made  with  oats 
or  barley  .the  lime  may  be  applied  in  the  spring  and  worked  into  the 
soil.  When  alfalfa  or  sweet  clover  is  seeded  without  a  nurse  crop  the 
lime  should  be  applied  as  soon  as  the  ground  is  broken  up  so  that  it 
may  become  thoroughly  worked  into  the  soil  by  seeding  time. 

When  vetch  is  seeded  with  rye  the  lime  should  be  spread  immediately 
after  plowing.  In  case  the  land  is  not  plowed  for  any  of  the  above 
crops  but  is  prepared  with  a  disk  or  spring-tooth  harrow,  the  lime  should 
be  applied  before  the  soil  is  worked. 
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Limestone  or  marl  may  be  added  immediately  before  seeding  or  to 
gB^ywin^  crops  without  injury,  but  if  caustic  lime  is  used,  it  should  be 
applied  and  incorporated  with  the  soil  at  least  ten  days  or  two  weekb 
before  seeding,  in  order  that  its  caustic  properties  may  be  dissipated 
before  the  seeds  germinate,  thus  avoiding  injury  to  the  young  plants. 

Alfalfa  may  be  top-dressed  with  the  carbonate  carrying  compounds 
and  where  the  alfalfa  renovator  or  spring-tooth  harrow  is  used  tht 
lime  may  be  mixed  with  the  soil  to  some  extent.  As  a  rule  if  the  land 
is  limed  previous  to  this  crop  it  will  endure  as  long  as  the  alfalfa  is 
permitted  to  occupy  the  land.  Reports  are  on  record  which  show  that 
permanent  meadows  and  pastures  growing  on  soils  deficient  in  lime  may 
be  profitably  top-dressed  with  this  substance. 

It  is  readily  seen  that  one  may  apply  lime  under  widely  different 
conditions.  Thus,  there  are  opportunities  for  the  consideration  of  this 
operation  in  relation  to  other  farm  work,  condition  of  weather  and  the 
land. 

Lime  must  be  applied  repeatedly  to  the  soil.  It  has  been  shown  by 
determining  the  amount  of  lime  carried  by  river  water,  well  water,  and 
drainage  water  from  tile,  and  large  containers  filled  with  soil  and  placed 
in  the  ground,  that  as  a  general  rule  much  more  of  this  substance  is 
washed  out  of  the  soil  than  is  removed  by  crops.  Although  the  amount 
so  lost  has  been  shown  to  vary  rather  widely  it  is  probable  that  300 
pounds  per  acre  annually,  closely  approximates  the  losses  under  average 
conditions.  At  any  rate  it  is  now  looked  upon  as  being  sound  practice 
to  lime  the  soil  at  least  once  in  each  four  or  five-year  rotations.  Further 
experience  may  show  that  smaU  frequent  applications  of  lime  are  most 
profitable  on  some  soils. 

Lime  and  Manure.  Under  some  conditions  lime  and  manure  may  be 
applied  to  the  soil  at  the  same  time.  Where  the  lime  is  in  the  form  of 
the  carbonate,  namely,  as  marl,  ground  limestone,  air  slaked,  sugar 
factory  lime  or  that  obtained  from  the  manufacture  of  acetone,  it  may 
be  mixed  with  the  manure  in  the  heap  or  stable  or  applied  to  the  soil 
with  it.  In  the  light  of  our  present  knowledge  the  oxide  and  the 
hydrated  lime  should  not  come  in  contact  with  the  manure  and  should 
precede  its  application  to  the  soil  ten  days  or  two  weeks. 

SUMMARY. 

Lime  is  needed  by  many  soils  to  increase  their  crop-producing  power. 
When  applied  to  soils  that  are  deficient  in  it  lime  may  alter  the  struc- 
ture, neutralize  acids  and  other  injurious  substances,  satisfy  the  sili- 
cates, in  some  cases  make  available  mineral  plant  food  elements,  in- 
crease the  rate  of  decay  of  vegetable  matter,  make  manures  and  fer- 
tilizers more  efficient  and  supply  lime  needed  in  the  formation  of  plant 
food. 

The  principal  forms  of  lime  used  in  Michigan's  agriculture  are  ground 
limestone,  hydrated  lime  and  marl. 

There  are  two  inexhaustible  sources  of  lime  in  Michigan,  the  limestone 
deposits  and  marl  beds.  The  utilization  of  many  of  the  marl  beds 
await  the  perfection  of  suitable  mechanical  apparatus  for  the  removal 
of  the  marl. 
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The  immediate  effideBey  of  limestone  depends  in  a  large  measure  upon 
the  fineness  of  the  particles  and  thorough  incorporation  with  the  soil 
while  that  of  marl  depends  upon  its  purity  as  well  as  thorough  mixing 
with  the  soil.  Hydrated  lime  usually  acts  quickly  in  the  soil.  On 
account  of  its  greater  solubility  its  incorporation  with  the  soil  mass  is 
not  so  essential,  as  it  tends  to  move  about  in  the  soil  with  the  soil 
moisture.  Especially  is  this  the  case  with  sandy  soils  and  with  the 
larger  applications. 

Although  crops  differ  somewhat  "with  respect  to  their  lime  require- 
ments, it  has  been  conclusively  proved  that  if  the  «oil  is  deficient  in 
lime  the  common  crops  with  few  exceptions,  respond  to  its  use. 

The  margin  of  profit  from  normal  applications  of  lime  on  so-called 
acid  soils  is  safe,  as  has  been  demonstrated  by  many  experiment  station 
workers  and  farmers. 

The  efficiency  of  stable  manures  and  fertilizers  is  increased  by  ample 
quantities  of  lime  in  the  soil,  conversely,  stable  manure  and  fertilizers 
increase  that  of  lime. 

The  most  economical  or  best  amount  of  lime  to  apply  to  a  given  soil 
cannot  be  determined  by  laboratory  methods,  although  its  needs  may 
be  indicated  by  several.  Field  trialis  should  always  be  conducted  when 
one  applies  lime  to  the  soil,  this  being  nothing  short  of  sound  business 
methods.   • 

Lime  should  be  applied  to  the  soil  in  the  rotation  as  near  as  prac- 
ticable to  the  crops  that  are  most  benefited  by  it  especially  if  small 
applications  are  made.  This  coupled  with  the  fact  that  thorough  mixing 
with  the  soil  is  essential  are  the  chief  considerations  in  the  application 
of  lime  to  the  soil.  In  some  cases  it  is  profitable  to  top  dress  alfalfa. 
Moreover,  permanent  meadows  and  pastures  growing  on  soils  deficient 
in  lime  may  be  top  dressed  to  advantage. 

CONCLUSION. 

In  view  of  the  low  lime  content  of  many  Michigan  soils  the  losses 
entailed  by  leaching  and  by  crops  removed  from  the  land  and  much 
evidence  that  its  use  is  profitable,  everf  farmer  should  satisfy  himself 
by  thorough  field  trials  that  his  soil  does  or  does  not  need  this  substance. 
There  are  many  indications  that  lime,  by  establishing  alfalfa  and  clover, 
as  well  as  by  its  favorable  effect  on  other  crops  is  the  most  promising 
single  substance  the  farmer  has  at  his  disposal  for  soil  improvement. 

Although  many  facts  have  been  established  concerning  the  liming  of 
soils  it  is  unquestionably  true  that  our  knowledge  of  several  phases  is 
meagre,  especially  is  this  true  of  sandy  and  muck  soils.  The  question 
as  to  the  most  economical  fineness  of  grinding  limestone  is  one  that 
cannot  be  satisfactorily  answered.  Moreover,  the  forms,  fineness  and 
size  of  applications  for  different  soil  classes  are  worthy  of  serious  con- 
sideration. 

Finally,  lime  should  be  looked  upon  as  only  one  of  the  conditions 
involved  in  permanent  systems  of  soil  fertility.  Since  its  presence  in  the 
soil  results  in  a  somewhat  more  rapid  decay  of  vegetable  matter 
precautions  must  be  taken  by  means  of  crop  rotation,  turning  under 
crop  residues  and  manure  to  maintain  this  substance  which  is  so  vital  to 
soil  productivity.  , 
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It  is  estimated  that  1,669,836,000  pounds  of  skim  milk  and  238,- 
548,000  pounds  of  buttermilk  were  produced  in  Michigan  during  the 
year  1917,  as  by-products  of  the  butter  industry.  Large  amounts  of 
these  by-products  are  consumed  as  human  foods  in  one  form  or  an- 
other but  immense  quantities  are  left  to  be  disposed  of  in  other  ways, 
principally  as  feed  for  calves,  pigs  and  poultry.  The  value  of  skim 
milk'  for  feeding  purposes  will  depend  upon  a  number  of  factors, 
such  as  the  varieties  and  proportions  of  other  feeds  used  in  combina- 
tion with  it,  condition  of  the  milk  when  fed  and  the  age  of  the  animals 
consuming  it,  but  with  the  high  prices  at  which  feeds  are  selling  on 
the  market  at  the  present  time,  a  much  higher  value  can  be  placed 
upon  skim  milk  than  feeders  have  generally  attributed  to  it.  Con- 
siderable discussion  is  heard  among  farmers  and  dairymen  on  this 
subject  and  numerous  inquiries  have  been  sent  in  to  the  Experiment 
Station  regarding  the  value  of  dairy  by-products  under  present  condi- 
tions. This  circular  gives  a  brief  tliscussion  of  these  problems  and 
summarizes  the  results  of  experimental  work  along  this  line  at  sev- 
eral of  the  Experiment  Stations,  (Cornell,  Indiana,  Iowa,  Michigan, 
Missouri,  Nebraska,  Ohio,  Wisconsin,  and  Ontario.) 

COMPOSITION  OP  DAIRY  BY-PRODUCTS. 

The  following  table  from  "Feeds  and  Feeding",  by  Henry  and 
Morrison,  shows  the  nutrients  contiuned  in  100  pounds  each  of  whole 
milk,  skim  milk,  buttermilk,  and  whey. 


Dry 

matter  in 

100  lbs. 

Digestible  Nutrients  in  100  lbs. 

Nutritive 
ratio. 

Protein. 

Carbohy- 
drates 

Fat. 

Whole  Milk 

13.6 
9.9 
9.4 

3.3 
3.6 
3.4 
0.8 

4.9 
5.1 
4.9 

4.7 

4.3 
0.2 
0.1 
0.3 

1*4  4 

Skim  milk       

I'l  5 

Butter  milk 

I'l  5 

Whey 

1*6  8 

The  table  shows  that  skitfi  milk  differs  from  whole  milk  only  in  fat 
content  and  that  it  is  a  very  highly  nitrogenous  feed,  having  a  nutritive 
ratio  of  1 :1.5  while  whole  milk  is  1 :4.4.  As  whole  mUk  is  the  natural 
milk  for  calves  and  pigs,  it  is  readily  seen  that  the  best  results  can  be 
secured  by  feeding  skim  milk  only  when  it  is  used  in  combination  with 
other  feeds  such  as  corn,  wheat,  oats,  rye  or  barley,  which  will  furnish 
an  abundance  of  carbohydrates  and  fat,  so  as  to  properly  balance  it. 
Corn,  which  is  ordinarily  our  most  abundant  fattening  food,  has  proven  to 
give  the  best  results  of  all  grains  which  are  commonly  fed  in  conjunction 
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with  skim  milk  to  swine.  The  high  protein  and  ash  content  of  skim  milk 
makes  it  especially  valuable  for  the  young  animal  for  the  development  of 
bone  and  muscular  tissue  and  on  account  of  the  rapidity  and  ease  with 
which  skim  milk  is  digested  it  is  particularly  adapted  to  the  very 
young  animal  whose  digestive  system  is  not  capable  of  handling  the 
majority  of  feeds.  The  fact  that  the  dry  matter  of  skim  milk  is  practically 
100%  digestible  accounts  largely  for  its  remarkable  feeding  value  when 
compared  with  grain  feeds.  While  the  latter  contain  a  much  higher  per 
cent  dry  matter,  more  energy  must  be  expended  by  the  animal  in  digesting 
it  and  a  considerable  proportion  is  undigestible  and  wasted. 

CONDITION  OP  MILK. 

The  best  results  are  secured  when  care  is  taken  to  have  the  milk  of 
uniform  quality  when  fed.  With  young  calves  it  is  of  utmost  importance 
to  have  the  milk  fed  at  about  body  temperature  as  cold  milk  will  surely 
derange  the  digestive  functions  and  result  in  scours.  Whenever  possible 
it  is  l^t  to  use  the  milk  direct  from  the  separator  and  while  still  warm. 
If  the  milk  is  to  be  fed  sour,  it  should  not  be  too  old  as  various  bacterial 
organisms  are  present  and  may  cause  trouble.  Whether  sweet  or  sour  a 
uniform  quality  will  be  most  satisfactory.  Experiments  at  this  station 
in  feeding  sweet  and  sour  skim  milk  to  pigs,  resulted  in  a  favorable 
showing  for  the  sweet  milk,  100  pounds  gain  in  live  weight  requiring  98 
pounds  less  milk  and  15  pounds  less  grain,  than  when  sour  skim  milk  was 
fed.  In  these  trials  both  lots  were  fed  a  grain  mixture  of  equal  parts 
corn  meal  and  ground  wheat  in  proportion  of  7.5  pounds  milk  to  one  pound 
grain,  the  only  difference  being  in  the  milk  which  was  fed  sweet  to  one  lot 
and  sour  to  the  other.  In  other  feeding  trials  there  has  been  very  little, 
if  any,  difference  resulting  from  feeding  sweet  or  sour  skim  milk  and  this 
point  is  generally  considered  a  matter  of  minor  importance. 

SKIM  MILK  FED  ALONE. 

Very  little  data  is  available  on  this  question  but  trials  at  this  station 
would  indicate  that  skim  milk  may  be  fed  to  pigs  as  the  entire  ration  with 
satisfactory  results.  15  pigs  in  two  lots  were  fed  for  four  weeks  on  sweet 
skim  milk  alone.  One  lot  averaged  103  pounds  each  aiid  the  other  lot  32 
pounds  each  at  the  beginning  of  the  test.  In  these  trials  2150  pounds 
skim  milk  produced  100  pounds  gain,  a  very  favorable  showing  for  skim 
milk. 

SKIM  MILK  AS  A  SUPPLEMENT  TO  CEREAL  GRAINS. 

For  pig  feeding,  nothing  combines  with  corn  to  give  more  satisfactory 
results  than  skim  milk.  This  combination  makes  a  most  palatable  ration 
for  the  pig,  resulting  as  a  rule  in  a  heavier  consumption  of  feed  and 
more  rapid  gains  than  from  any  other  ration.  All  of  the  cereal  grains, 
such  as  wheat,  rye,  barley  and  particularly  com,  are  comparatively  low 
in  protein  and  will  give  better  results  when  fed  in  combination  with  some 
nitrogenous  feed,  such  as  skim  milk,  than  when  fed  alone  or  in  conjunction 
with  other  rich  carbohydrate  feeds.  With  a  view  toward  determining  the 
value  of  skim  milk  as  a  supplement  to  com  and  other  cereal  grains  when 
fed  to  pigs,  a  large  number  of  feeding  trials  from  Experiment  Stations 
throughout  the  country  have  been  summarized  as  follows:    415  pigs,  fed 
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cereal  grains  only  (corn,  wheat,  rye  and  barley  included),  made  an  aver- 
age gain  of  100  pounds  from  486.5  pounds  of  grain.  325  pigs,  fed  cereal 
grains  (com,  wheat,  rye  and  barley  included)  supplemented  by  skim  milk, 
made  an  average  gain  of  100  pounds  from  266.9  pounds  grain  and  785.1 
pounds  skim  milk. 

By  comparing  these  two  lots  of  pigs,  it  will  be  seen  that  the  use  of 
785.1  pounds  of  skim  milk  resulted  in  a  saving  of  219.6  pounds  of  grain,  or 
100  pounds  skim  milk  replaced  28  pounds  of  grain. 

The  following  table  shows  the  value  of  skim  milk  as  a  supplement  to 
com  and  the  other  cereal  grains  and  is  based  on  the  figures  derived  from 
the  summaries  given  above,  which  include  415  pigs  fed  on  cereal  grains 
alone  and  325  pigs  fed  cereal  grains  supplemented  with  skim  milk. 

Value  of  Skim  Milk  as  a  supplement  to  Cereal  Grains  for  Pigs. 


100  IbB.'of  skim  milk 

100  lbs.  of  skim  milk 

^    When  price  of  grain 

as  a  Supplement 

When  price  of  grain 

as  a  supplement 

per  cwt.  is 

is  worth 

per  cwt.  is 

is  worth 

$1  00 

$0728 

S2T75 

S0I77 

1  25 

35 

3  00 

84 

1  60 

42 

3  25 

91 

1  75 

49 

3  60 

^98 

2  00 

56 

3  75 

1  05 

2  25 

63 

4  00 

1   12 

2  50 

70 

4  25 

1   19 

This  table  shows  that  when  cereal  grains  range  in  price  from  $50  to  f80 
per  ton,  as  has  been  the  case  during  the  winter  of  1917-1918,  skim  milk 
ranges  from  70  cents  to  $1.20  per  cwt.  in  value  as  a  supplementary  feed. 

AGE  AS  A  FACTOR. 

The  value  of  skim  milk  as  a  supplement  will  vary  considerably  depend- 
ing upon  the  age  of  the  animal  fed.  With  young  growing  animals  the  pro- 
tein requirement  is  higher  than  with  mature  animals  during  the  fattening 
period,  and  hence  skim  milk  would  have  a  higher  value  when  fed  in  com- 
bination with  grain  to  growing  pigs  than  when  fed  to  fattening  hogs. 

An  examination  of  the  data  in  connection  vrith  the  325  pigs  mentioned 
above  as  fed  on  cereal  grains  and  skim  milk,  shows  that  200  of  these  pigs 
weighed  less  than  100  pounds  each  when  the  tests  started  and  the  re- 
maining 125  weighed  100  pounds  each  or  more.  Grouping  them  according 
to  weight  and  comparing  with  pigs  of  similar  weight  fed  cereal  grains 
only,  shows  the  following : 


Total  No.  pigs 
included. 

Range  in 
weights. 

Feed  consumed  per  100  pounds  gain 

Grain  saved  per  100 
poimds  milk  fed. 

Grain. 

Skim  milk. 

162 
200 

253 
125 

30-100 
28-100 

100-248 
100-231 

468.9 
257.0 

495.5 
284.1 

750.4 
845.2 

28.2 
24.9 
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Thus  pigs  under  100  pounds  weight,  when  fed  cereal  grains  alone,  re- 
quired 468.9  pounds  grain  per  100  pounds  of  gain,  while  on  a  ration  of 
skim  milk  and  grain,  257  pounds  of  grain  and  750.4  pounds  of  skim  milk 
produced  100  pounds  of  gain.  Therefore  750.4  pounds  of  skim  milk  replaced 
211.9  pounds  grain,  or  100  pounds  skim  milk  replaced  28.2  pounds  grain. 
With  the  older  and  heavier  weight  pigs,  100  pounds  skim  milk  replaced 
24.9  pounds  grain.  Hence,  in  these  comparisons,  skim  milk  showed  13.2^. 
greater  value  when  used  to  supplement  grain  in  the  ration  of  the  young 
growing  pig  than  with  the  more  mature  and  heavier  weight  hogs. 

PROPORTION  OF  MILK  TO  GRAIN. 

Another  factor  influencing  the  value  of  skim  milk  as  a  supplement  to 
grain  is  the  piy)portion  of  milk  to  grain  in  the  ration  used.  It  is  gen- 
erally conceded  that  skim  milk  will  give  greatest  returns  as  a  supple- 
ment to  cereal  grains  when  not  more  than  three  pounds  milk  are  fed  per 
pound  of  grain.  An  examination  of  the  above  mentioned  experiments 
on  this  point  is  interesting.  All  the  feeding  trials  were  divided  into  two 
groups,  placing  in  one  group  all  those  in  which  the  proportion  of  milk 
to  grain  in  the  ration  was  not  more  than  three  to  one,  and  placing  in 
the  other  group  all  those  in  which  the  ration  consisted  of  more  than  three 
pounds  milk  to  one  pound  of  grain. 


r 
Total  Nc.  of 

AverageTpro- 
portlon  of 
skim  milk 
to  grain. 

Feed  consumed  perllOO  lbs.  gain. 

Grain  saved  per  100 
pounds  milk  fed. 

pigs  included. 

Cereal  grains. 

Skim  milk. 

416 
186 
139 

1.7  lbs.:  1  lb. 
5.6  lbs.:  1  lb. 

486.5 
289.8 
225.5 

516.7 
1271.2 

38  lbs. 
20 . 5  lbs. 

The  group  which  received  the  rations  in  which  the  proportion  was  not 
more  than  three  pounds  skim  milk  to  one  pound  grain,  averaging  less 
than  2  to  1,  showed  a  saving  of  38  pounds  grain  per  100  pounds  milk  fed 
while  those  fed  a  larger  proportion  of  milk  to  grain,  averaging  5.6  pounds 
skim  milk  to  one  pound  grain,  showed  a  saving  of  only  20.5  pounds  grain 
per  100  pounds  milk  consumed.  Hence,  in  the  first  group,  where  less  than 
two  pounds  of  milk  was  fed  per  pound  of  grain  consumed,  skim  milk 
showed  85.3%  higher  feeding  value  than  in  the  second  group  when  nearly 
six  pounds  of  milk  was  fed  per  pound  of  grain  consumed.  This  is  a  matter 
of  considerable  importance  when  the  supply  of  skim  milk  is  limited  or 
must  be  purchased  but  would  be  of  no  practical  significance  when  large 
quantities  were  available. 

COMPARATIVE  VALUE  OF  SKIM  MILK  AND  OTHER  NITROCENOTTS  FEEDS. 

The  above  figures  give  the  value  of  skim  milk  as  a  supplement  to  corn 
and  other  cereal  grains  and  indicate  that  when  this  by-product  of  the 
dairy  is  available  it  can  be  combined  to  excellent  advantage  with  the 
farm  grown  grains  for  pig  feeding.  When  skim  milk  is  not  available,  as 
on  the  farm  where  whole  milk  is  sold  for  thevretail  trade  or  for  condensing 
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purposes,  it  becomes  necessary,  if  the  best  results  are  to  be  secured  to 
purchase  it  or  some  other  protein  feed  to  combine  with  the  cereal  grains 
for  feeding  pigs.  Tankage,  middlings  and  oil  meal  are  the  feeds  most  com- 
monly used  in  place  of  skim  milk  for  feeding  pigs  and  in  order  that  a  com- 
parison of  these  different  supplements  may  be  made,  a  large  number  of 
feeding  trials  from  different  Experiment  Stations  have  been  summarized 
in  the  following  table.  These  tests  included  pigs  of  various  weights  and 
ages  fed  on  cereal  grains  (including  corn,  wheat,  rye  and  barley)  with 
some  one  of  the  above  mentioned  nitrogenous  supplements,  and  are 
grouped  here  accordingly.  The  last  group,  where  soy  beans  were  used 
as  a  supplement,  represents  only  29  pigs,  so  that  these  results  would  not 
be  as  reliable  as  in  the  other  cases  where  data  was  available  from  a  larger 
number  of  feeding  trials. 

VALUE  OF  SKIM  MILK  AS  COMPARED  TO  OTHER  NITROGENOUS 
SUPPLEMENTS  TO  CEREAL  GRAINS. 


Number 

Peed  coDBumed^perllOO  pounds  gain 

irrain 

of  piflffl 
included. 

Cereal 
grain. 

Sldm 

Tankage. 

Mid- 
lings. 

Oil 
meal. 

Soy  bean 
^meal. 

replaced  by 
100  lbs.  of 
supple- 
ment. 

415 
326 
332 
1.30 

486.6 
266.9 
379.3 
283.3 
377.3 
308.3 

786.1^ 

42.6 

191.2 

51.7 

68.1 

28.0 
252.6 
106  2 

106 
29 

261.7 
300.0 

By  comparing  the  first  two  lots  in  the  table  we  find  that  486.5  pounds 
grain  was  required  to  produce  100  pounds  gain  and  that  266.9  pounds 
grain  supplemented  by  785.1  pounds  skim  milk  produced  100  pounds  gain. 
Therefore,  785.1  pounds  skim  milk  replaced  219.6  pounds  grain  or  357.5 
pounds  skim  milk  replaced  100  pounds  grain.  With  the  tankage  fed  lot, 
379.3  pounds  grain  supplemented  by  42.5  pounds  tankage  produced  100 
pounds  gain. 

Therefore  42.5  pounds  tankage  replaced  107.2  pounds  grain 
or  39.6  pounds  tankage  replaced  100  pounds  grain. 

In  like  manner  95     pounds  middlings  replaced  100  pounds  grain 
38.2  pounds  oil  meal  replaced  100  pounds  grain 
e33.3  pounds  soy  bean  meal  replaced  100  pounds  grain 
Comparing  these  values  with  the  replacement  value  of  skim  milk  when 
used  as  a  supplement  to  corn  and  other  cereal  grain, 

1  pound  tankage  is  equivalent  to  9  pounds  skim  milk 

1  pound  middlings  is  equivalent  to  3.7  pounds  skim  milk 

1  pound  oil  meal  is  equivalent  to  9.3  pounds  skim  milk 

1  pound  soy  bean  meal  is  equivalent  to  10.7  pounds  skim  milk. 

The  following  table,  based  on  these  figures,  shows  the  value  of  skim 
milk  as  compared  to  these  other  feeds  as  supplements  to  grain  feeds. 
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COMPARATIVE  VALUE  OP  SKIM  MILK  AND  OTHER  SUPPLEMENTS  TO  THE 
CEREAL  GRAINS  FOR  PIG  FEEDING. 


When  100 

100  lbs. 

When  100 

100  lbs. 

When  100 

100  lbs. 

When  100 

100  lbs. 

lbs.  tank- 

sidm milk 

lbs.  mid- 

sldm milk 

lbs.  ott 

skim  milk 

soy  bean 

skim  milk 

age  costs. 

Is  worth. 

dlings  cost. 

is  worth. 

meal  costs. 

is  worth. 

meal  costs. 

Is  worth. 

$2  00 

$0  22 

$1  00 

SO  27 

$1  60 

SO  16 

S2  00 

SO  19 

2  26 

26 

1  25 

33 

1  76 

19 

2  26 

21 

2  60 

28 

1  60 

40 

2  00 

21 

2  60 

23 

2  76     . 

31 

1  76 

47 

2  25 

24 

2  75 

26 

3  00 

33 

2  00 

54 

2  60 

27 

3  00 

28 

3  26 

36 

2  25 

61 

2  76 

29 

3  26 

30 

3  60 

39 

2  60 

67 

3  00 

32 

3  60. 

32 

3  75 

42 

2  75 

74 

2  76 

34 

3  76 

35 

4  00 

44 

3  00 

81 

3  60 

37 

4  00 

37 

4  26 

47 

4  26 

39 

4  60 

60 

4  50 

41 

4  76 

53 

4  75 

43 

6  00 

56 

5  00 

46 

Reference  to  this  table,  which  shows  the  relative  values  of  the  different 
nitrogenous  supplements  commonly  used  with  farm  grown  grains,  should 
enable  the  feeder  to  decide  which  of  these  feeds  would  be  most  profitable 
at  prevailing  prices  at  any  time.  Skim  milk,  tankage  and  middlings  are 
very  commonly  used  and  are  all  very  palatable  to  the  pig  in  combination 
with  grain  feeds.  Oil  meal  shows  a  very  high  value  in  comparison  with  the 
others  but  is  less  desirable  as  it  is  not  so  palatable  and  pigs  do  not 
eat  it  as  readily. 

BUTTERMILK. 

Table  I  shows  that  buttermilk  has  practically  the  same  composition  as 
skim  milk  and  feeding  trials  at  several  stations  (Massachusetts,  South 
Dakota,  and  North  Carolina)  where  skim  milk  and  buttermilk  have  been 
compared,  showed  very  little  difference  in  their  feeding  value.  While 
buttermilk  is  produced  in  much  smaller  quantities  than  skim  milk,  still 
•the  1917  production  of  buttermilk  in  Michigan  is  estimated  at  nearly 
120,000  tons,  so  that  the  feeding  value  represented  is  no  small  item.  Un- 
like skim  milk,  the  bulk  of  the  buttermilk  is  produced  at  creameries  and 
must  be  shipped  or  hauled  back  to  the  farm  if  used  for  feeding  purposes. 
This  necessitates  extra  expense  for  shipping  and  hauling  and  as  a  result 
large  quantities  of  buttermilk  are  often  thrown  away  entirely  for  lack  of 
suitable  means  of  disposal. 


WHET. 

Whey  production  in  Michigan  during  1917  is  estimated  at  approxi- 
mately 34,000  tons.  Whey  is  not  a  very  satisfactory  feed  for  calves, 
but  for  pig  feeding  purposes  has  about  50%  the  value  of  skim  milk, 
according  to  extensive  experiments  at  Wisconsin  and  Ontario.  The 
analysis  in  Table  I  shows  that  whey  differs  in  composition  from  skim 
milk  and  buttermilk  principally  in  protein,  the  latter  having  been  removed 
in  the  form  of  casein  in  making  the  cheese.  For  this  reason  whey 
should  be  used  in  combination  with  other  feeds  which  will  supply  the 
necessary  protein.  Whey  should  be  fed  up  as  promptly  as  possible  as  it 
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deteriorates  rapidly,  especially  when  held  in  storage  tanks  which  are  not 
often  cleaned. 

The  one  great  drawback  to  the  use  of  any  of  these  by-products  from  the 
creamery  or  cheese  factory  is  the  danger  of  spreading  disease.  Where 
the  milk  from  a  tuberculous  herd  is  taken  to  a  creamery  or  cheese 
factory  the  by-products  taken  back  to  the  farms  may  spread  tjie  infection 
through  all  the  herds  of  pigs  in  the  community.  This  danger  may  easily 
be  averted  by  thorough  pasteurization  and  all  dairy  by-products  returned 
to  the  farm  should  first  be  put  through  this  process. 
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READ  THIS  FIRST. 


SPRAYING  IS  NECESSARY  TO  INSURE  GOOD  FRUIT. 

PREPARE  FOR  THE  WORK  IN  ADVANCE  WITH  EQUIPMENT 
AND  MATERIAL. 

TO  BE  SUCCESSFUL  YOU  MUST  BE  ON  TIME,  d6  A  THOROUGH 
JOB,  AND  USE  THE  RIGHT  MATERIALS  PROPERLY  COMBINED. 

THE  DIRECTIONS  GIVEN  IN  THIS  BULLETIN  ARE  "GENERAL" 
AND  UNDER  AVERAGE  SEASONAL  MICHIGAN  CONDITIONS 
THEY  WILL  BE  SATISFACTORY.  SHOULD  YOU  AT  ANY  TIME 
BE  UNCERTAIN,  INQUIRE  OF  YOUR  COUNTY  AGENT  OR  WRITE 
TO  THE  MICHIGAN  AGRICULTURAL  COLLEGE. 
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GENERAL  TREATMENT  FOR  SPRAYING  APPLE  ORCHARDS. 


Special  Bulletin  No.  98 


BY  H.  J.  EUSTACE  AND  R.  II.  PETTIT. 

In  the  FalLj  Winter  or  Early  Spring^  make  an  inspection  for  scale- 
insects.  Look  on  the  twigs  and  branches  of  trees  in  different  parts  of  the 
orchard.  The  kind  most  commonly  found  are :  San  Jose^  Oyster-shell, 
Scurfy,  and  the  European  Fruit-Scale.  If  you  cannot  identify  them, 
send  twigs  or  a  strip  of  bark  to  The  Entomologist,  Michigan  Agricultural 
CoUege  Experiment  Station,  East  Lansing,  Michigan.  Scale-insects  are 
serious  pests,  (especially  the  San  Jose) ,  and  must  be  destroyed. 

Just  Before  the  Buds  Open,  if  scale  is  found,  spray  with  strong  lime- 
sulphur  or  Scalecide  or  some  other  efficient  scale  destroyer.  (See  direc- 
tions for  making  and  using  on  page  531.)  Be  thorough  in  this.  Cover 
every  part  of  the  tree. 

As  Soon  As  the  Bix)ssom  Buds  Separate  in  the  Clusters,  While  They 
Are  "In  the  Pink,"  a  spraying  must  be  made  to  prevent  Scab,  the 
Canker- Worm,  the  Bud-Moth  and  possibly  a  few  other  insects,  as  Plant- 
Lice  and  Red-Bug.    Read  the  instructions  for  these  on  the  following  page. 

For  this  spray  may  be  used  Bordeaux-mixture  or  lime-sulphur  for  the 
Scab  and  to  each  50  gallons  of  either  add  for  chewing  insects  two  or 
three  pounds  of  arsenate  of  lead  paste  or  from  1  to  iy2  pounds  of  arsenate 
of  lead  powder  or  %  pound  of  arsenate  of  calcium  powder.  If  plant- 
lice  or  red-bug  are  present  when  this  spraying  is  to  be  made,  add  to  the 
Bordeaux  or  dilute  lime-sulphur  and  poison,  %  pint  of  "Black  lieaf  40" 
or  some  other  40%  nicotine-sulphate  solution. 

Immediately  After  the  Blossoms  Fall,  and  before  the  calyx  closes 
make  another  spraying.  Use  the  same  materials  as  in  the  previous  appli- 
cation, but  if  plant-lice  or  red-bug  are  not  found,  the  "Black  Leaf  40"  or 
other  40%  nicotine  solution  will  not  have  to  be  added.  This  is  an  im- 
portant spray  especially  for  the  Codling-moth  (worm). 

About  Two  Weeks  After  the  Above  Appijction,  make  another.  Use 
the  Bordeaux-mixture  or  lime-sulphur,  plus  poison,  as  before. 

About  the  First  Week  in  August,  there  will  be  a  second  generation 
of  codling-moths  to  do  serious  damage  to  fall  and  winter  varieties.  A 
spraying  is  necessary  to  destroy  them  and  frequently  d  late  summer 
development  of  the  Scab  fungus  is  serious.  For  this  treatment  use 
Bordeaux-mixture  or  lime-sulphur,  plus  the  full  amount  of  poison. 

The  Lesser  Apple- Worm  works  more  superficially  than  the  codling- 
moth.  Sometimes  it  merely  mines  under  the  skin.  It  resembles  the 
codling-moth  in  many  ways,  but  is  smaller.  When  present  it  requires 
a  spray  of  poison  to  be  applied  when  the  standard  winter  varieties  are 
from  114  to  2  inches  in  diameter.  This  spraying  should  be  thoroughly 
done.  It  takes  the  place  of  the  second  application  after  the  petals  fall. 
The  other  regular  sprays  will  also  help  to  keep  the  Lesser  Apple-worm 
in  check. 
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Plant  Lick  of  several  kinds  infest  the  apple  tree,  but  their  effect  on 
the  fruit  depends  largely  on  weather  conditions.  The  red-bug  is  also 
now  well  distributed  over  the  State.    The  eggs  of  both  these  insects  are 


Fig.  1. — Eggs  of  plant-lice  on  apple-twigs. 


hatched  out  by  the  time  the  buds  turn  pink,  and  at  that  time  the  plant- 
lice  are  easily  killed  and  the  adults  of  the  red-bug  are  unable  to  fly.  If 
either  the  rosy-louse  or  the  red-bug  is  strongly  suspected  of  being  present, 


Fig.  2. — Apples  stunted  and  deformed  by  rosy-lice  and  green-lice. 

apply  a  spray  of  nicotine-sulphate,  using  a  pint  of  Black  T^af  40,  or  of 
some  other  40%  nicotine-sulphate,  to  100  gallons  of  water,  adding  2  or 
3  pounds  of  soap  to  the  mixture;  or  else  add  a  pint  of  the  40%  nicotine- 
sulphate  to  100  gallons  of  Bordeaux  or  dilute  lime-sulphur.     Stir  the 
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nicotine  in  just  before  applying,  and  be  sure  to  omit  the  soap  in  this 
case.  An  early  spring  with  warm,  dry  weather  following  is  unfavorable 
to  the  lice,  and  a  cold,  wet,  late  spring  is  favorable  to  the  lice.  In  seasons 
such  as  the  latter,  spraying  is  almost  imperative.  As  both  these  insects 
feed  by  sucking  ttie  sap  from  the  foliage  and  from  the  fruit,  it  is  neces- 
sary to  use  a  contact  spray  and  the  safest  contact  spray,  besides, being 
the  only  one  that  can  be  mixed  with  lime-sulphur  or  Bordeaux,  is  nico- 
tine-sulphate. 


Fig.  3. — Bud-lice  on  apple  just  as  leaf -buds  are  breaking  out  In  spring.    This  condition 
closes  the  time  for  dormant  sprays. 

Fire  Blight.  Fire  Blight  is  sometimes  a  serious  disease  in  apple  trees. 
A  constant  watch  should  be  kept  for  its  appearance  from  the  time  the  trees 
blossom  until  the  end  of  the  growing  season.  For  a  description  and 
method  of  control  see  "Treatment  for  Pears." 


GENERAL  TREATMENT  FOR  SPRAYING  PEACH  ORCHARDS. 

Peach  orchards  of  Michigan  may  require  spraying  while  they  are 
dormant  for  two  troubles.  Scale-insects  may  be  found.  Inspect  the 
trees  as  is  directed  for  apples.  Peach  Leap-curl  is  a  very  common  and  in 
some  seasons  a  serious  disease.  (The  leaves  curl  and  drop  off  with  the 
young  fruits.)  It  is  especially  serious  on  the  Elberta,  and  in  foggy 
regions  near  lakes.  If  scale  is  found  and  a  spraying  can  be  applied  be- 
fore the  buds  swell  and  the  bud  scales  open,  this  one  treatment  will 
destroy  the  scale  and  effectually  prevent  the  leaf-curl.  Use  strong  lime- 
sulphur.  If  scale  is  not  found,  make  a  spraying  for  the  leaf-curl  when 
the  tree  is  dormant  in  late  fall,  winter,  or  early  spring.  Use  V/o  gallons 
of  lime-sulphur  of  33°  Baume  with  enough  water  to  make  50  gallons. 
The  disease  cannot  be  controlled  if  the  spraying  is  not  done  before  the 
buds  begin  to  swell. 
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The  summer  spraying  of  peach  orchards  may  be  a  very  profitable 
practice  in  preventing  decayed,  scabby  and  wormy  fruit.  The  rot  usually 
appears  just  before  harvesting  and  may  develop  in  the  package  after 
shipping.  The  scab  (the  black  specks  on  the  skin)  seriously  detracts 
from  the  appearance,  and  the  work  of  the  curculio  produces  blemishes. 
Spraying  also  increases  the  bright  and  desirable  color,  so  much  that  some 
progressive  growers  find  it  "pays  to  spray  for  color." 

The  above  troubles  are  commonly  found  in  most  Michigan  peach 
orchards,  and  may  be  best  controlled  by  the  following  sprayings. 

Just  Before  the  Blossoms  Drop  and  Most  of  the  "Shucks"  Have 
Fallen  :  In  orchards  where  the  curculio  is  found  to  be  serious,  make  a 
spraying  of  poison,  using  2  pounds  of  arsenate  of  lead  paste  or  1  pound 


Fig.  4. — Too  late  to  spray  for  peach  leaf  curL    Bad  case  of  peach  leaf  curl. 

of  the  powder  with  2  or  3  pounds  of  slaked  lime  (to  make  spre  there  will 
not  be  any  foliage  burning),  in  50  gallons  of  water.  This  poison  is  better 
for  peach  spraying  than  any  other.  If  the  curculio  is  not  present  or  not 
serious,  this  spraying  need  not  be  made. 

About  Two  Weeks  After  the  "Shucks"  Have  Fallen^  make  a  spray- 
ing with  self-boiled  litoe-sulphur,  and  to  every  50  gallons  add  2  pounds 
of  arsenate  of  lead  paste  or  1  pound  of  arsenate  of  lead  powder.  The 
self-boiled  lime-sulphur  settles  rapidly,  so  keep  well  agitated  and  do  not 
add  the  arsenate  of  lead  until  just  before  spraying.  Use  fine  nozzles  and 
give  the  tree  a  uniform  coating  of  mist-like  spray.  This  spraying  is  to  pre- 
vent the  fruit  rot,  scab  and  the  curculio. 

About  One  Month  Before  the  Fruit  Ripens  spray  once  more  as  di- 
rected above. 

Peach  Tree  Borer.  Dig  out  by  hand  early  in  the  spring  or  late  in  the 
fall  at  points  where  the  gumming  shows.    Sterilize  the  knife  with  2  to 
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5%  lysol  after  finishing  with  each  tree,  in  order  to  prevent  the  spreading 
of  crown-gall  which  is  often  present.  Careful  experiments  made,  both 
here  and  elsewhere,  have  failed  to  produce  any  other  treatment  that 
actually  pays  for  the  cost  of  application.  In  order  to  facilitate  the  re- 
moval of  the  larvae  or  "worms,''  many  growers  practice  mounding  or 
DITCHING.  It  seems  to  be  of  advantage  to  change  the  level  of  the  soil 
around  the  base  of  the  tree,  either  raising  the  level  by  making  a  mound 
of  which  the  tree  is  the  center,  or  lowering  the  level  by  digging  away  the 
soil  in  June  and  allowing  the  soil  to  be  worked  back  by  cultivation.  Un- 
doubtedly it  is  easier  to  pull  away  the  mound  to  expose  the  injured 
crown  than  to  dig  out  the  soil.  The  mound  is  later  replaced  after  the 
wounds  have  dried.  On  the  other  hand,  most  growers  that  do  not  mound, 
do  leave  the  soil  out  of  the  pit  dug  around  the  base  of  the  tree  in  "worm- 
ing" until  it  fills  during  the  summer,  thus  allowing  time  for  the  sun  to 
dry  the  wounds  and  toughen  the  surface.  There  is  also  present  in  Michi- 
gan the  Lesser  Peach-borer,  which  works  more  in  the  body  and  limbs, 
and  the  upper  part  of  the  tree. 

Peach  Yellows.  A  very  infectious  disease  the  cause  of  which  is  un- 
known.— The  first  symptoms  in  a  young  tree  previous  to  bearing,  are  indi- 
cated by  the  leaves  of  one  or  two  limbs  turning  from  a  rich  dark  green  to  a 
"yellowish-green  or  reddish  rusty-green"  color;  this  is  accompanied  by  a 
rolling  of  the  leaves  from  their  edges.  These  leaves  ripen  and  fall  earlier 
than  normal  leaves.  The  fruit-beds  are  larger  and  more  mature  in  ap- 
pearance and  in  the  spring  will  invariably  bloom  earlier  than  healthy 
buds.  In  some  instances,  the  symptoms  are  not  confined  to  one  or  two 
branches,  but  many  of  the  leaves  in  the  center  of  the  tree  turn  yellowish  or 
light-green,  roll  slightly  at  their  edges  and  droop  considerably.  These 
later  symptoms  are  often  present  in  case  of  "Little  Peach." 

Upon  bearing  trees,  there  may  be  any  one  or  all  of  the  following  symp- 
toms :  The  fruit  may  ripen  prematurely — one  to  three  weeks — ^upon  one  or 
two  branches  or  over  the  entire  tree.  The  fruit  may  have  numerous 
red  spots  on  the  surface,  the  spots  sometimes  extending  in  red  streaks 
partially  or  wholly  through  the  flesh  to  the  pit.  Often  the  flesh,  about 
the  pit,  is  full  of  radiating  streaks  of  red.  The  surface  of  the  fruit  may 
be  smooth  or  considerably  roughened  and  the  flesh  more  or  less  stringy 
and  very  insipid.  The  leaves  may  be  yellowish  pale  or  reddish  rusty-green 
in  color,  usually  rolling  and  drooI)ing.  In  advanced  stages,  numerous 
finely  branched  Shoots  bearing  many  slender,  sickly  leaves,  appear  on 
the  trunk  or  main  limbs  and  sometimes  near  the  ends  of  the  branches. 
Finally  the  tree  dies. 

Winter  injury  to  the  bark  of  the  trunk  or  main  limbs,  mechanical  injury 
by  mice,  rabbits,  peach-borers,  cultivators,  etc.,  or  h  serious  lack  of  mois- 
ture or  nitrogen  in  the  soil  may  discolor  the  foliage  and  cause  premature 
ripening  of  fruit  and  should  not  be  mistaken  for  "Yellows." 

The  only  method  of  control  is  by  the  destruction  of  an  infected  tree — 
fruit,  root  and  branch — ^just  as  soon  as  discovered.  It  is  especially  im- 
portant that  diseased  trees  should  not  be  allowed  to  blossom,  as  it  is 
believed  that  the  disease  is  spread  by  insects  at  that  time. 

Little  Peach.  In  "Little  Peach,"  characteristic  symptoms  are:  The 
leaves  of  a  part  or  the  whole  of  the  tree  have  a  bunched  appearance,  and 
are  shorter,  and  broader  than  normal  leaves.  They  are  usufJly  yellowish- 
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green  in  color  with  veins  appearing  dilated  and  darker  than  the  inter- 
vening tissue.  The  fruit  is  usually  under  size  and  ripens  from  a  week  to 
two  weeks  late.  The  flesh  is  more  or  less  stringy,  watery  and  very  in- 
sipid, while  the  pit  is  usually  very  small.  One  or  all  symptoms  may  be 
present  and  unless  they  can  be  positively  attributed  to  some  other  cause, 
the  tree  should  be  condemned,  pulled  out  and  burned. 


GENERAL  TREATMENT  FOR  PEAR  ORCHARDS. 

In  the  Fall,  Winter  or  Early  Spring,  inspect  for  scale  insects  the 
same  as  for  apple  orchards,  and  if  found,  spray  as  is  directed  for  apple 
orchards.  "(See  page  518.) 

A  spraying  for  scale  will  also  control  the  Pear  Blister-mite,  (a  mite 
that  causes  thickened  red  and  brown  spots  on  the  leaves  and  fruit) .  This 
insect  has  been  a  serious  pest  in  parts  of  Michigan  for  the  past  few  years. 

Just  as  the  Pink  op  the  Btx)ssoms  is  Showing,  a  spraying  should  be 
made  to  prevent  scab,  Codling  Moth,  Bud  Moth,  etc.  For  this  spraying 
Bordeaux-mixture  or  the  diluted  lime-sulphur  may  be  used  to  which  add 
2  or  3  pounds  of  arsenate  of  lead  paste  or  one-half  as  much  of  the  powder 
or  %  pound  of  arsenate  of  calcium  for  each  50  gallons.  If  lime-sulphur 
is  used,  the  following  dilutions  should  be  followed.  They  are  not  quite 
as  strong  as  for  apple  orchard  spraying. 

If  the  concentrated  lime-sulphur  Baume  test  is  33,  32  or  31  use  1 
gallon  and  water  to  make  50  gallons. 

If  the  test  is  30,  29  or  28,  use  5  quarts  and  water  to  make  50  gallons. 

If  the  test  is  27,  26  or  25  use  6  quarts  and  water  to  make  50  gallons. 

Immediately  After  the  Blossoms  Fall,  and  before  the  calyx  closes, 
make  another  spraying  using  same  materials  as  in  the  previous  spraying. 

The  Pear  Psylla  is  a  serious  and  important  insect  regarding  which 
pe^ir  growers  must  be  fully  informed.  It  passes  the  winter  in  rubbisli, 
such  as.  prunings  left  in  or  near  the  orchard,  on  the  trunks  of  the  trees, 
in  the  cracks  and  crannies  of  the  rough  bark,  and  on  the  twigs  among 
the  buds.    It  may  be  controlled  by  the  following  thorough  treatment : 

1.  Late  in  the  fall,  November  or  December,  scrape  the  loose  bark  from 
the  trunks  and  large  limbs  and  gather  and  burn  or  bury.  Do  not  leave 
on  the  ground. 

2.  On  a  bright  and  fairly  warm  late  fall  day  the  insects  will  come  out 
of  their  hiding  places  and  can  then  be  killed  with  a  contact  spray.  Use 
"Black  Leaf  40"  or  some  40%  nicotine-sulphate  solution  at  the  rate  of 
1  pint  in  100  gallons  of  water  and  to  make  it  spread  easily  and  quickly 
and  so  go  farther,  add  3  pounds  of  dissolved  soap.  Any  cheap  soap  will 
do.  Spray  both  sides  of  each  tree,  the  insects  are  lively  and  will  dodge 
the  spray.  The  best  possible  job  can  be  done  by  spraying  both  sides  of 
each  tree  at  the  same  time,  or  at  least  by  completing  the  job  before  any 
one  part  of  the  sprayed  trunk  or  limbs  becomes  dry. 

Pear  Blight  commonly  called  Fire  Blight.  This  is  one  of  the  most 
s?orious  diseases  of  pears,  and  often  does  a  great  deal  of  injury  on  apples, 
especially  on  Russian  varieties,  young  trees  of  many  varieties,  and  on 
quince.  Its  presence  is  made  very  apparent  by  the  discoloration  of  the 
foliage,  the  leaves  turning  dark  brown,  withering,  but  still  holding  to  the 
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branches.  The  disease  frequently  appears  about  blossoming  time,  effect- 
ing the  tips  of  the  quick  growing  shoots  and  working  down  to  the  larger 
branches.  It  is  usually  more  serious  in  rapidly  growing  trees  and  for 
this  reason  nitrogenous  fertilizers,  cultivation  and  any  practice  that 
would  tend  to  stimulate  growth  should  be  withheld  in  infected  orchards. 
Spraying  is  not  a  preventative.  Inspect  all  trees  in  early  spring  for 
cankers  or  sunken,  irregular  areas  on  the  bark  of  the  trunk  and  larger 


Before  Treatment.  _  After  Treatment. 

Fig.  5. — Blight  Canker  on  Pear  Tree. 

branches,  around  the  edges  of  which  the  disease  is  carried  from  one  season 
to  another.  Cut  out  all  of  these  cankers,  disinfecting  every  cut  with  a 
five  per  cent  lysol  solution.  Make  frequent  and  thorough  inspections 
through  the  orchard  during  the  growing  season,  cutting  out  all  diseased 
twigs  and  branches  some  little  distance  below  the  point  where  the  wood 
appears  to  be  dead.  Disinfect  the  pruning  tool  with  lysol  solution -after 
t^aeh  cut. 

When  Slugs  Appear  spray  with  arsenical,  if  not  too  near  picking  time 
of  fruit  to  bo  dangerous.  In  case  of  early  pears,  fresh  hydrated  lime  may 
bo  bonvilv  dnstod  on. 
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GENERAL  TREATMENT  FOR  PLUM  ORCHARDS. 

Plum  trees  may  be  attacked  by  the  San  Jose  or  European  fruit  scale. 
If  found,  make  a  spraying  before  growth  starts  with  strong  lime-sulphur 
or  other  eflScient  scale  destroyer,  the  same  as  directed  for  apple  orchards. 

Just  Before  the  Buds  Open  spray  with  dilute  lime-sulphur  or  the 
Bordeaux-mixture  and  to  every  50  gallons  add  2i/^  or  3  pounds  of  arsenate 
of  lead  paste  or  one-half  as  much  powder.  This  is  to  prevent  the  leaf 
spot,  brown  rot,  black  knot,  and  curculio. 

Immediately  After  the  Blossoms  Fall  it  is  very  essential  to  make 
a  spraying  to  prevent  leaf  diseases,  brown  rot,  and  curculio.  Use  dilute 
lime-sulphur  or  Bordeaux-mixture.  (On  Japanese  varieties  use  only  the 
self-boiled  lime-sulphur).  For  each  50  gallons  of  whatever  is  used,  add 
2  pounds  of  arsenate  of  lead  paste  or  1  pound  of  the  powder. 

This  is  an  important  spraying.    Be  on  time  and  be  thorough. 

Ten  Days  or  Two  Weeks  Later  it  may  pay  to  repeat  the  previous  spray- 
ing, especially  if  the  weather  is  wet  or  the  curculio  serious.  With  varie- 
ties that  are  susceptible  to  the  brown-rot,  it  may  pay  to  make  sprayings 
every  ten  days  or  two  weeks  until  there  is  danger  of  staining  the  fruit ; 
stopping  at  least  a  month  before  picking  time.  If  desirable  to  tilake  later 
applications  use  a  spray  of  weak  copper  sulphate.  One  pound  of  copper 
sulphate  to  150  or  200  gallons  of  water.   Poison  need  not  be  used. 

Black  Knot.  Early  in  the  spring  a  careful  inspection  should  be  made 
of  every  tree,  and  all  *1)lack-knots"  cut  out  and  destroyed.  Cut  back  sev- 
eral inches  below  the  knot.  Disinfecting  cuts  as  for  pear-blight  is  not 
necessary.  Wild  cherry  trees  harbor  the  disease  and  if  diseased  ones  are 
near  plum  or  cherry  orchards,  the  wild  trees  should  be  destroyed,  if 
possible. 


GENERAL  TREATMENT  FOR  CHERRY  ORCHARDS. 

Inspect  sweet  cherries  for  scale.  If  found  spray  as  for  apple  orchards. 
Sour  cherries  are  not  often  attacked  by  the  San  Jose  scale,  and  there  is 
therefore  seldom  need  of  spraying  them  with  the  strong  lime  sulphur. 

JrsT  Before  the  Blossoms  Open^  spray  with  dilute  lime-sulphur  to 
prevent  leaf-spot  and  brown  rot. 

Just  After  the  Blossoms  Fall,  spray  with  dilute  lime-sulphur  or 
Bordeaux-mixture  and  to  every  50  gallons  add  2  pounds  of  arsenate  of  lend 
paste  or  one-half  as  much  of  the  powder.  This  spraying  is  to  prevent  the 
leaf-spot,  brown  rot  and  the  curculio  and  slugs. 

Te;>"  Days  or  Two  Weeks  After  the  above  spraying,  it  may  be  necessary 
to  make  another  application  of  the  same  mixture.  The  necessity  for  this 
spraying  will  depend  somewhat  on  the  susceptibility  of  the  variety  to  the 
brown  rot  and  the  leaf  spot  and  on  the  weather  conditions,  moist  weather 
being  favorable  to  the  development  of  these  troubles. 

Large  Black  Lice  may  appear  on  the  leaves  at  any  time.  A  spray  of 
nicotine-sulphate  will  destroy  them  if  applied  before  the  leaves  curl. 

Slugs  sometimes  appear  after  the  fruit  is  harvested.  A  spray  of  ar- 
senate of  lead  (2  or  3  pounds  of  the  paste  or  half  as  much  of  the  powder 
in  50  gallons  of  water)  will  destroy  them. 
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Cherry  Fruit-fly.  Two  sorts  of  small  white  maggots  are  often  found 
in  ripening  cherries.  These  footless  maggots  are  the  larvae  of  cherr\ 
fruit-flies.     The  only  way  to  successfully  combat  these  fruit-flies  is  to 


Sour  chorry  tree  not  8praj<^'  f&r  Sour  cherry  tree  sproyecl  for 

leaf  spot.    ^*.  Fig.  6.  leaf  spot. 

lightly  spray  or  sprinkle  the  trees  with  arsenate  of  lead  when  the  flies 
are  preparing  to  lay  their  eggs  in  the  immature  fruit.  Use  about  a  pint 
to  a  tree  of  a  mixture  containing  4  pounds  of  arsenate  of  lead  paste  or  2 
pounds  of  powder  to  100  gallons  of  water. 

GENERAL  TREATMENT  FOR  GRAPE  VINEYARDS. 

Grape  vines  are  not  often  subject  to  attack  by  scale  insects,  so  there  is 
seldom  need  for  spraying  with  strong  lime-sulphur  before  growth  starts. 

Do  not  use  dilute  lime-sulphur  at  any  time  for  spraying  grapes.  It 
stunts  or  checks  the  growth  of  the  berries.    Use  Bordeaux-mixture  instead. 

Black  Rot  is  a  serious  disease.  Growers  cannot  afford  to  risk  the  loss 
it  may  cause  by  neglecting  to  spray. 

Downey  Mildew^  commonly  called  "Red  Grape/-  is  sometimes  a  destruc- 
tive disease. 

These  diseases  and  others  will  be  prevented  very  largely  by  spraying 
as  follows : 

When  the  Shoots  are  About  8  to  10  Inx'hes  Long^  spray  with  Bor- 
deaux mixture  for  black-rot  and  downy-mildew. 

Just  Before  Blooming^  spray  again  with  Bordeaux-mixture  for  black- 
rot  and  downy  mildew,  and  to  every  50  gallons  of  Bordeaux,  add  2  or  3 
pounds  of  arsenate  of  lead  paste,  or  half  as  much  of  the  powder,  or  % 
pound  of  arsenate  of  calcium,  to  poison  the  grape-berry  moth  and  the 
rose-chafer.  If  this  latter  is  serious,  use  stronger  poison,  even  up  to  5 
pounds  of  arsenate  of  lead  paste  or  half  as  much  .powder,  to  50  gallons. 
A  pint  of  the  cheapest  molasses  added  may  help. 
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Just  as  the  Blossoms  are  Falling,  make  another  spraying  like  the 
above. 

About  10  Days  or  Two  Weeks  Later,  it  may  be  necessary  to  make 
another  spraying  like  the  two  previous,  but  this  will  depend  upon  the 
weather  conditions  and  the  amount  of  rot  and  mildew  prevalent.  If  later 
sprayiiigs  are  thought  to  be  necessary,  some  material  should  be  used  that 
win  not  stain  the  fruit,  such  as  weak  copper  sulphate  solution.  (See 
page  536.) 

There  are  several  grape  insects  that  are  found  only  in  occasional  vine- 
yards, and  then  not  every  year.  The  grower  should  keep  a  sharp  watch 
of  his  vines  for  them,  and  if  found,  take  prompt  measures  to  destroy  them. 
(If  not  familiar  with  their  appearance  send  specimens  to  The  Entomolo- 
gist, East  Lansing,  Michigan.) 

Those  most  likely  to  be  found  are  the  following : 

Flea-Beetles  may  appear  at  any  time,  but  are  most  likely  to  come  as 
the  buds  open  in  early  spring.  Spray  with  Bordeaux  mixture  and  a  strong 
poison,  3  or  4  pounds  of  arsenate  of  lead  paste,  or  half  as  much  of  the 
powder,  or  %  pound  of  arsenate  of  calcium,  to  every  50  gallons  of  the 
Bordeaux,  if  early  in  spring.    Later  use  less  poison. 

In  vineyards  where  the  grape-berry  moth  is  serious,  spray  with  Bor- 
deaux and  an  arsenical  poison  during  the  middle  of  July,  before  the  twen- 
tieth. 

For  Leap-Hoppers,  sometimes  incorrectly  called  "Thrip,"  spray  with 
nicotine-sulphate,  using  1  pint  to  100  gallons  of  water  with  2  or  3  pounds 
of  soap,  or  with  kerosene-emulsion  while  the  insects  are  young,  and  before 
they  can  fly.  Try  to  hit  each  insect,  for  only  those  hit  by  the  spray  are 
killed.  Later  in  the  fall,  clean  up  all  rubbish  and  burn  after  cold  weather 
sets  in.    The  leaf -hopper  passes  the  winter  in  rubbish. 

For  Climbing  Cut- Worms,  use  bands  of  cotton  batting,  or  wool  from 
the  fleece,  or  bands  of  sticky  mixture.  On  tender  growth  the  latter  can 
be  put  on  strips  of  paper ;  also  sprinkle  poisoned  bran  near  the  bases  of 
the  vines.    (See  page  539.) 


(lENERAL  TREATMENT  FOR  CURRANTS  AND  GOOSEBERRIES. 

San  Jose  and  European  fruit-scale  are  often  found  on  currants,  al- 
though seldom  on  gooseberries.  Inspect  carefully  for  them.  If  found, 
spray  before  growth  starts  with  strong  lime-sulphur. 

Just  as  the  Leaves  are  Expanding,  spray  with  dilute  lime-sulphur  or 
Bordeaux  and  2  pounds  of  arsenate  of  lead  paste  or  half  as  much  of  the 
powder,  or  %  pound  of  arsenate  of  calcium,  to  every  50  gallons. 

Repeat  this  spraying  when  the  fruit  is  about  one-fourth  grown. 

If  worms  trouble  after  this  use  pyrethnim  or  hellebore. 

Leap  Bugs  or  Aphids  may  appear,  either  one  or  both  together.  When 
they  do,  spray  with  nicotine-sulphate  while  the  bugs  are  red  and  wingless 
and  before  the  leaves  have  become  curled.    Spray  upward  from  beneath. 

Gooseberry  Mildew  is  a  fungous  disease  that  is  especially  troublesome 
on  such  English  varieties  as  Industry,  Columbus  and  Chautauqua.  Spray 
with  dilute  lime-sulphur.  Begin  when  the  buds  start  and  repeat  every 
10  days  to  two  weeks  until  near  picking  time. 
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When  Pruning,  if  a  cane  shows  discolored  pith  when  cut,  it  may  indi- 
cate the  cane-borer.  Cut  back  to  sound  pith.  Burn  trimmings  imme- 
diately. 

WiLTBD  Foliage  at  any  time  may  indicate  the  cane-borer.  Cut  out  and 
bum. 

GENERAL  TREATMENT  FOR  RASPBERRIES,  BLACKBERRIES 
AND  DEWBERRIES. 

Cut  Out  the  Fruit  BEAfeiNG  canes  after  the  last  picking  has  been 
made.  This  will  lessen  insect  and  disease  troubles  that  may  be  harbored 
on  the  old  canes  and  allow  more  room  for  the  growth  of  the  new  canes. 

Orange  Rust  may  appear  in  May  or  June.  It  is  easily  identified  by  the 
bright  orange  color  on  the  under  sides  of  the  leaves.  There  is  no 
method  of  preventing  this  trouble.  As  soon  as  it  is  found,  the  bush 
should  be  dug  out  and  burned.  If  allowed  to  remain  the  disease  will 
spread  and  destroy  many  plants.  Secure  disease  free  plants  in  starting 
new  plantations. 

Anthracnosb.  a  common  and  troublesome  disease  especially  of  black 
raspberries  and  blackberries,  identified  by  the  grayish  spots  generally 
near  the  bases  of  the  canes.  Recent  spraying  experiments  prove  the 
necessity  of  three  applications  of  Lime-sulphur  solution  to  control  it, 
applied — ^first,  in  early  spring  just  before  growth  begins,  using  2^^  gal- 
lons, testing  33°  Beaume,  to  50  of  water;  second,  when  the  new  canes  are 
six  to  eight  inches  long,  using  I14  gallons  to  50;  third,  just  before 
blossoming,  at  the  same  rate  as  previous  spray.  The  removal  of  all 
grass,  weeds  and  trash  in  the  plant  rows,  keeping  them  clean  and  well 
cultivated,  will  help  to  prevent  this  disease. 

"Worms"  or  "Slugs"  may  appear  at  any  time.  Spray  with  an  arsenical 
if  early  in  the  season,  but  it  near  picking  time,  use  hellebore  or  pyretlirum. 
Cut  out  and  burn  gouty  galls,  tree-cricket  eggn  and  borers  in  stems. 

GENERAL  TREATMENT  FOR  STRAWBERRIES. 

Examine  the  young  plants  before  sotting  them.  Pick  off  all  discoloreil 
or  diseased  leaves.  If  root-lice  are  suspected,  dip  the  roots  in  strong 
nicotine  solution. 

After  the  growth  starts,  spray  with  Bordeaux  and  an  arsenical  poison 
to  prevent  the  leaf-spot,  and  destroy  the  leaf-roller  insect  that  may  be 
present. 

For  fruiting  plantations,  spray  witli  Bordeaux  before  blossoming,  and 
repeat  ten  days  to  two  weeks  later.  After  fruiting,  if  the  bed  is  to  l>e 
fruited  again,  mow  and  burn  over  quickly  (as  on  a  day  when  there  is 
a  wind,  to  avoid  burning  the  crowns  of  the  plants).  If  Leaf-rollers 
have  been  present  in  the  immediate  past,  spray  with  poison  after  the 
growth  has  started  again,  but  before  the  leaves  curl. 

For  Strawberry  Root-Ltce^  see  Michigan  Bulletin  No.  244,  page  88. 

GENERAL  TREATMENT  FOR  POTATOES. 

Scab  and  Black  Scurf.  Where  there  is  little  or  no  evidence  of  Black 
Scurf  {Rhizoctonia) y  the  dormant  stage  of  which  may  be  seen  on  the  skin 
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of  the  tubers  in  the  form  of  small  brownish,  or  when  wet,  nearly  black 
'  spots,  the  tubers  should  be  soaked  for  not  less  than  %  hour  and  1%  will 
do  no  harm  in  a  solution  of  formaldehyde,  forty  per  cent,  used  at  the  rate 
of  one  pound  or  one  pint  to  thirty  gallons  of  water.  This  will  destroy  the 
disease  known  as  Scab.    Formaldehyde  can  be  secured  of  any  druggist. 

If  there  is  evidence  of  the  Black  Scurf,  soak  the  uncut  tubers  in  a  solu- 
tion of  corrosive  sublimate  (bichloride  of  mercury),  using  four  ounces 
in  four  gallons  of  hot  water,  and  when  this  is  dissolved,  add  enough  water 
to  make  30  gallons.  Soak  the  seed  for  not  less  than  i/^  hour  and  1^ 
hours  will  do  no  harm,  but  no  longer.  Use  only  wooden  vessels  for  this 
material.  * 

Corrosive  sublimate  is  a  deadly  poison  and  should  be  kept  away  from 
children  and  livestock.    Do  not  use  treated  potatoes  for  eating  purposes. 

When  and  How  to  Treat.  The  potatoes  may  be  treated  with  either 
material  several  weeks,  if  desired,  before  planting  if  care  is  taken  not 
to  re-infect  the  tubers  by  placing  them  in  used  sacks  or  crates  which  have 
not  been  disinfected.  Some  growers  prefer  to  treat  just  before  planting. 
The  potatoes  should  be  treated  before  the  seed  is  cut. 

When  only  a  few  bushels  of  potatoes  are  to  be  treated  they  may  be 
placed  in  gunny  sacks  and  submerged  in  a  barrel  from  which  the  head 
has  been  removed. 

When  large  quantities  are  to  be  treated,  a  tank  should  be  provided  for 
the  purpose.  The  tank  should  be  wide  enough  to  allow  two  rows  of 
potato  crates  to  be  placed  in  it  side  by  side  and  deep  enough  so  the  pota- 
toes, crates  and  all,  can  be  submerged.  It  may  be  made  any  length  de- 
sired. As  soon  as  the  potatoes  are  treated,  it  is  a  good  plan  to  submerge 
them  in  clear  water  or  to  pour  water  over  them  to  prevent  further  action 
of  the  material  with  which  they  are  treated.  If  they  are  to  be  kept 
some  time  before  they  are  planted,  they  should  be  spread  out  and  dried. 

Fob  THE  Blight  and  "Bugs."  Begin  spraying  with  Bordeaux-mixture 
and  poison  when  the  "bugs"  first  appear,  or  when  the  plants  are  about 
8  inches  high,  and  repeat  about  every  two  weeks  as  long  as  the  plants 
are  growing.  Spray  often  in  warm,  muggy  weather;  fewer  sprayings  are 
necessary  in  dry  weather. 

Use  Bordeaux-mixture  (6  pounds  copper  sulphate  and  4  or  5  pounds  of 
lime  to  50  gallons  of  water,  and  put  in  the  poison,  about  ^^  pound  of 
Paris-green  or  2  or  3  pounds  of  arsenate  of  lead  paste,  or  half  as  much 
of  the  powder,  or  %  pound  of  the  powdered  arsenate  of  calcium,  or  1 
quart  of  the  stock  solution  of  Kedzie-mixture.  This  amount  of  Kedzio- 
mixture  is  equivalent  to  yo  pound  of  Paris-green.  Some  growers  prefer 
to  use  even  more  than  this. 

Dilute  lime-sulphur  is  not  as  good  as  the  Bordeaux-mixture  for  pota- 
toes. 

Potato  Aphis.  During  wet  summers  and  especially  during  those  that 
follow  cold,  wet  springs,  the  potato-louse  is  apt  to  appear.  This  potato- 
louse  is  not  such  a  difficult  insect  to  kill  if  one  can  only  reach  it  with  a 
spray.  The  difficulty  comes  from  the  fact  that  it  hides  under  the  foliage 
of  the  potato,  and  that  the  spray  must  be  directed  upward  from  beneath 
in  order  to  hit  any  large  proportion  of  the  lice.  Several  devices  have 
been  made  for  bringing  about  this  result.    The  spray  most  efficient  is  the 
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ordinary  40%  nicotine  sulphate,  used  at  the  rate  of  1  pint  to  100  gallons 
of  water  with  3  or  4  pounds  of  laundry  soap  added. 

The  Gray  Field-Slug  {Limdw  agrestis)  of  Europe  has  finally  become 
established  in  Michigan.  It  is  a  snail,  less  than  %  of  an  inches  long,  with- 
out a  shell,  and  it  flourishes  in  moist  places,  feeding  mostly  at  night 
on  lettuce,  celery,  potatoes  (the  tubers)  and  other  vegetables.  Poisoned 
bran  is  the  best  we  can  do  for  it  at  this  time.  Scatter  the  bait  in  vicinity 
of  plants  to  be  protected.  (The  Giant  Slug  is  also  present  in  Michigan, 
but  has  not  become  widespread  as  yet.) 

GENERAL  TREATMENT  FOR  TOMATOES. 

Leap  Blight.  This  disease  can  be  prevented  by  the  proper  use  of  Bor- 
deaux. The  standard  44-50  formula  is  the  strength  most  commonly  used. 
The  first  application  should  be  made  while  the  plants  are  in  the  seedbed 
or  coldframe.  The  second  spraying  should  be  made  soon  after  the  plants 
are  set  in  the  field.  This  should  be  followed  by  additional  sprayings 
every  ten  days  or  two  weeks  until  the  fruit  begins  to  ripen.  During  wet 
seasons  more  and  later  sprayings  are  necessary  than  when  the  weather 
is  comparatively  dry. 

Flea-Beetles.  Small,  black  flea-beetles  sometimes  appear  and  eat  pits 
in  the  foliage  of  the  tomato  plant.  The  easiest  way  to  control  them  is  to 
spray  with  Bordeaux-mixture  and  arsenate  of  lead  in  the  ordinary  way. 
Such  sprays,  of  course,  must  not  be  continued  after  the  fruit  begins  to 
get  very  large. 

Tomato  Worms.  The  large  green  "worms"  that  devour  the  leaves  of 
the  tomato  plants  can  be  controlled  when  the  worms  are  small  by  a 
spray  of  arsenate  of  lead  applied  in  the  ordinary  way. 

GENERAL  TREATMENT  FOR  MUSKMELONS  AND  CUCUMBERS. 

Several  insects  interfere  with  the  welfare  of  cucumber  and  melon 
vines.  The  Cucumber-Beetle  (striped)  feeds  on  the  leaves,  and  the 
young  tunnel  as  grubs  in  the  roots.  Plant  more  seeds  than  are  needed 
to  produce  vines  and  thin  out  the  injured  plants  and  dust  with  hydrated 
lime  and  flour  of  sulphur  (one  of  sulphur  to  five  or  six  of  lime),  through 
coarse  cloth.  Some  prefer  arsenate  of  lead  powder  mixed  with  nine  parts 
of  hydrated  lime.  About  the  bases  of  the  vines  on  the  ground  throw 
some  tobacco  dust  to  prevent  beetles  from  laying  eggs  on  stems.  Paris- 
green  is  not  reliable  on  these  tender  vines. 

The  Cucumber-Louse  usually  starts  in  a  few  hills  and  then  spreads 
over  the  field,  cold,  wet  weather  being  favorable  to  the  louse.  Some  prefer 
to  bury  the  first  few  vines  attacked  to  retard  spreading.  A  good  spray 
is  Persian  insect  powder,  i^  ounce  to  a  gallon  of  water;  also  nicotine- 
sulphate,  y2  pint  to  50  gallons  of  water,  if  40%  sulphate  is  used,  spraying 
upward  from  beneath.  The  difficulty  lies  in  getting  the  spray  on  to  the 
lice.    Each  louse  must  be  fairly  hit  to  be  killed. 

The  Large  Black  Squash-Bug,  or  stink-bug,  not  only  feeds  on  vines, 
but  probably  also  carries  the  wilt.  It  may  be  trapped  on  cold  nights 
under  pieces  of  board  and  dropped  into  a  can  of  water,  having  a  little 
kerosene  on  top. 
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PREPARATION  OF  SPRAY  MIXTURES. 

Commercial  Concentrated  Lime-Sulphur  is  now  very  extensively  used 
by  Michigan  fruit-growers.  Many  may  be  saved  by  making  the  "home- 
made" if  much  spraying  is  to  be  done,  but  in  times  of  labor  shortage  the 
advantages  of  the  "Commercial"  apparently  outweigh  in  the  minds  of 
the  majority  of  fruit-growers  the  money  saving. 

There  are  several  brands  of  the  "Commercial"  concentrated  lime-sul- 
phur wash  now  on  the  market.  Under  "Agricultural  Laws  of  Michigan" 
a  label  on  each  container  must  state  plainly  "the  correct  names  and 
percentage  amounts  of  each  and  every  ingredient  of  the  insecticide  or 
fungicide  having  insecticidal  or  fungicidal  propertiea  and  the  total  per- 
'centage  of  inert  ingredients  present." 

The  "strength"  or  "Baume  Test"  in  concentrated  lime  sulphur  may  be 
known  from  the  ^^Total  Percent  Sulphur^^  given  on  the  label  of  commer- 
cial manufacture. 

When  Total  Percent  Sulphur  is  26,  Baume  Test  is  33. 

When  Total  Percent  Sulphur  is  25,  Baume  Test  is  .32. 

When  Total  Percent  Sulphur  is  24,  Baume  Test  is  31. 

When  Total  Percent  Sulphur  is  23,  Baume  Test  is  30. 

When  Total  Percent  Sulphur  is  22,  Baume  Test  is  29. 

When  Total  Percent  Sulphur  is  21,  Baume  Test  is  28. 

When  the  Baume  Test  is  known,  make  the  dilutions  as  follows : 
Where  the  directions  are  for  «trongr         For  summer  spraying  of  apples. 


lime  sulphur  for  San  Jose  and  other 
scale  insects  and  the  plants  are  dor- 
mant or  just  before  the  buds  open. 


cherries  and  European  varieties  of 
plums. 


Amount  of 

concentrated 

AVheii  Baume 

lime  sulphur 

test  IS 

below  should  be 

diluted  to 

50  gallons. 

.^*5 

51/^  gallons 

32 

5%  gallons 

31 

6      gallons 

30 

614.  gallons 

20 

^V2  gallons 

28 

(}%  gallons 

27 

7      gallons 

When  Baume 
te«t  to 


I       Amount  of 
I     lime  sulphur 
below  should -be 
diluted  to 
50  gallons. 


33-32  or  31 
30-29  or  28 
27-26  or  25 
24-23  or  22 


11/4  gallons 

IV2  gallons 

1%  gallons 

2  gallons 


For  Summer  Spraying  of  Pears. 


33-32-31 
30-29-28 
27-26-25 
24-23-22 


1       gallon 
1%  gallons 
1%  gallons 
1%  gallons 
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HOME  MADB  LIMB-SULPHUR. 


There  are  two  ways  of  making  lime-sulphur  at  home. 

For  dormant  spraying  to  destroy  scale-insects  the  old  formula  may  be 
followed.  It  is  not  much  used  now,  but  has  given  excellent  results.  The 
formula  is : 

Lump  Lime — 20  pounds. 
Sulphur  (flour) — 15  pounds. 
Water  (hot)  to  make  50  gallons. 

The  lime  is  slaked  with  a  small  amount  of  water  (hot  if  lime  is  slug- 
gish, and  the  sulphur  is  added,  15  or  20  gallons  of  water  are  then  added, 
and  the  mixture  boiled:  (It  should  take  three-quarters  of  an  hour,  ot 
an  hour  of  good  boiling  with  frequent  stirring).  When  done  the  liquid 
should  be  amber  colored  and  fairly  clear.  Strain,  dilute  with  water  (hot 
is  preferable)  to  make  (up  to)  50  gallons,  and  apply  warm,  through  a 
coarse  nozzle. 

If  small  quantities  are  required,  use  an  iron  kettle  to  boil  it  in.  If 
larger  quantities  are  to  be  used,  live  steam  is  preferable  for  boiling  pur- 
poses, either  in  a  tank  or  in  barrels. 

Applied  just  before  the  buds  swell,  it  coats  the  branches  in  such  a  way 
as  partially  to  hinder  frojn  settling  down,  such  pests  as  the  San  Jose, 
oyster-shell,  scurfy  scale,  som6  aphids  and  other  insects. 

Lime-sulphur  may  be  made  at  home  in  the  concentrated  form  and  used 
immediately  after  diluting  with  water  to  the  strength  desired  for  dor- 
mant or  summer  spraying  or  stored  until  wanted  and  then  diluted. 

There  are  several  ways  of  combining  the  lime  and  sulphur  but  always 
there  are  two  parts,  by  weight,  of  sulphur  to  one  of  lime.  These  three 
formulas  are  used : 

Stone  Lime  75  lbs.  or  60  lbs.  or  40  lbs. 
Sulphur  150  lbs.  or  120  lbs.  or  80  lbs. 
Water  50  gal.  or    50  gal.  or  50  gal. 

The  lime  is  slaked  to  a  thin  paste  and  the  sulphur  is  added.  Boil  for 
an  hour  and  stir  frequently.  Water  should  be  added  so  that  there  will 
be  50  gallons  at  the  end  of  the  boiling.  Where  live  steam  is  used  this 
probably  will  not  be  necessary. 

Special  "spraying  lime"  should  be  secured  if  possible.  It  may  be  foun<l 
on  many  markets.  Lime  that  contains  more  than  5  j>er  cent  of  magne- 
sium oxide  does  not  make  a  satisfactory  wash. 

After  cooking  it  may  be  stored  in  barrels  or  tanks  which  should  be  air- 
tight, as  exposure  to  the  air  causes  the  sulphur  compounds  to  lose  their 
value  for  spraying  purposes.  If  tanks  are  used  cover  the  lime-sulphur 
with  a  film  of  oil. 

TESTING  AND  DILUTING  CONCENTRATED  LIMB-SULPHUR. 

Every  "batch"  of  the  home  made  concentrated  lime-sulphur  wash  will 
have  to  be  tested  when  cooled  and  settled  to  determine  its  strength  and 
it  will  be  well  to  test  the  "commercial"  brands.  This  testing  is  done  with 
A  Bannio  hydrometer.    It  is  a  simple  instrument  used  to  determine  the 
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weight  and  density  of  liquids.  It  is  made  of  glass,  is  about  a  foot  long, 
and  has  a  graduated  scale  on  the  side. 

It  is  absolutely  necessary  that  the  hydrometer  be  kept  perfectly  clean. 
If  the  solution  is  allowed  to  dry  on  it  an  accurate  test  cannot  be  made. 

It  can  be  purchased  from  dealers  in  druggists'  supplies  or  from  Bausch 
and  Lomb  Optical  Company,  Rochester,  N.  Y.,  or  WhitaU  Tatum  Com- 
pany, Philadelphia,  Pa.,  or  Taylor  Instrument  Company,  Rochester,  N.  Y. 

(See  page  543  for  the  rates  of  dilutions.) 

mLUTE   LIMB-SULPHUR   SOLUTION. 

For  spraying  on  the  foliage  of  apples,  pears,  European  plums  and 
cherries,  but  not  on  peaches  or  Japanese  plums,  grapes  or  potatoes. 

This  solution  can  be  prepared  for  use  in  several  ways. 

First,  the  "Commercial"  concentrated  'lime-sulphur  solution  can  be 
diluted  to  the  proper  strength. 

Second,  'The  home  made"  concentrated  lime-sulphur  can  be  diluted  to 
the  proper  strength. 

Third,  The  solution  can  be  made  at  any  time  and  in  any  quantity  as 
follows :  Boil  in  a  few  gallons  of  water  for  one  hour,  fiance  as*  many 
pound  of  sulphur  as  of  lime,  strain  and  dilute  with  water  so  there  will 
be  8  pounds  of  sulphur  to  every  100  gallons. 

Example:  To  make  100  gallons  of  spray  solution,  boil  8  pounds  of  sul- 
phur and  4  pounds  of  lime  as  directed. 

SBLP-BOILED  LIME-SULPHUR  MIXTURE. 

This  is  a  mixture  of  lime,  sulphur  and  water  and  not  like  any  of  the 
other  lime-sulphur  sprays.  It  does  not  (when  properly  made)  injure 
tender  foliage  and  is  very  valuable  for  spraying  peaches  and  Japanese 
plums.    The  formula  is : 

Lump  lime 8  pounds. 

Sulphur 8  pounds. 

Water   50  gallons. 

The  mixture  can  be  prepared  better  by  using  32  pounds  of  lime,  IV2 
pounds  of  sulphur,  and  8  or  10  gallons  of  water,  and  then  diluting  to  200 
gallons. 

Place  the  lime  in  a  barrel  and  add  enough  water  to  almost  cover  it;  jis 
soon  as  the  slaking  begins  add  the  sulphur,  which  should  be  run  through 
a  sieve  to  break  up  the  lumps. 

Stir  constantly  and  add  enough  water  to  make  a  thick  paste  and  then, 
gradually,  a  thin  paste.  As  soon  as  the  slaking  of  the  lime  has  vigorously 
boiled  the  sulphur  for  about  five  minutes,  cold  water  should  be  added  to 
cool  the  mixture  and  prevent  further  cooking.  It  is  then  ready  to  Ix* 
strained  into  the  spray  tank,  diluted  up  to  the  full  formula,  and  used. 

Care  must  be  taken  not  to  allow  the  boiling  to  proceed  too  far,  if  the 
mixture  remains  hot  for  fifteen  or  twenty  minutes  after  the  slaking  is 
completed,  too  much  sulphur  will  go  into  solution  and  injury  to  the  foliage* 
may  result. 

The  time  of  adding  the  cold  water  to  stop  the  boiling  depends  upon 
the  lime.    With  a  sluggish  lime  nil  the  heat  in  it  may  be  needed,  while 
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with  limes  that  become  intensely  hot,  care  must  be  taken  not  to  allow  the 
boiling  to  proceed  too  far. 


DRY  OR  POWDERED  SUBSTITUTES  FOR  THE  LIQUID  LIME- 
SULPHUR. 

Substitutes  for  the  liquid  lime-sulphur  in  the  dry  or  powdered  form 
are  now  offered  on  the  market.  They  may  have  an  advantage  over  the 
liquid  in  economy  of  shipping  and  may  be  a  little  easier  to  handle.  They 
will  dissolve  in  water  and  are  then  used  exactly  as  is  the  liquid  lime 
sulphur,  poison  is  added  as  desired. 

The  value  of  these  substitutes  should  depend  upon  the  amount  of  sul- 
phur they  contain,  and  sufficient  quantities  must  be  used  to  make  a  spray- 
ing mixture  strong  enough  to  be  efficient. 

Their  relative  value  compared  with  concentrated  liquid  lime-sulphur 
is  given  in  the  table  below : 


COMPARISONS  OF  DRY  SUBSTITUTES  WITH  LIQUID  LIME 

SULPHUR. 


Material. 


Amount  per  50  gallons  of  spray 


Concentrated  Liquid  Lime 
Sulphur  at  33° 

Dry  Lime  Sulphur 

Sodium  Sulphur  or  Soluble 
Sulphur 


51/2  gal. 
20    lbs. 

26    lbs. 


J 


1.1/4  gal. 
6.1    lbs. 

0.1     lbs. 


Knowing  the  amount  of  material  required  for  50  gallons  and  the  cost 
per  pound,  the  expense  as  compared  with  the  liquid  lime-sulphur,  either 
the  commercial  concentrated,  or  the  home-made  may  be  determined. 
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DUSTING  COMPARED  WITH  SPRAYING  ORCHARDS. 

The  practice  of  dusting  orchard  trees  with  sulphur  and  poison  in 
powder  form,  instead  of  spraying  them  with  lime-sulphur  or  Bordeaux- 
mixture  has  received  the  attention  and  consideration  of  fruit  growers  for 
the  past  few  years.  The  advantage  of  dusting  as  compared  with  spray- 
ing is  chiefly  in  the  time  saved  and  the  ease  of  doing  the  work. 

For  several  years  the  Horticultural  Section  of  the  Experiment  Station 
has  conducted  tests  to  compare  the  results  of  dusting  and  of  spraying. 
These  tests  have  been  made  in  orchards  in  different  sections  and  include 
the  standard  varieties  of  apples. 

The  results  in  1917  as  stated  in  Special  Bulletin  No.  87  are  quoted  as 
follows : 

"Dusting  method  gave  very  satisfactory  results  in  3917.  The  results 
equaled  those  secured  in  the  sprayed  plots.  The  season  was  like  that 
of  1916  in  that  the  infection  periods  were  all  early  in  the  summer.  The 
control  of  scab  on  the  fruit  was  very  satisfactory  in  most  plots.  The 
condition  of  foliage  in  the  dusted  plot  at  Muir  was  much  better  than  on 
the  sprayed  trees  because  of  the  spray  injury  on  the  latter.  At  Belding 
there  was  little  difference  in  the  condition  of  the  foliage  of  the  two  plots. 

At  Morrice  the  foliage  of  the  dusted  trees  was  free  from  injury  but 
showed  some  scab,  while  on  the  sprayed  trees  there  was  no  scab  but  some 
spray  injury. 

"It  is  not  possible  to  tell  just  why  the  results  with  dusting  were  so 
much  more  satisfactory  in  1917  than  in  previous  years.  This  success 
may  have  been  due  to  one  or  all  of  the  following  factors :  More  efficient 
application  of  dust,  finer  materials  or  more  timely  applications  with 
relation  to  infection  periods. 

"Better  results  were  obtained  at  Morrice  and  Muir  where  much  of  the 
dusting  was  done  when  the  trees  were  wet  with  either  rain  or  dew  than 
at  Belding  where  the  trees  were  always  dry  when  material  was  applied. 
Several  growers,  however,  have  secured  satisfactory  results  by  dusting 
when  the  foliage  was  dry. 

"It  is  very  doubtful  if  the  extra  application  of  dust  made  in  July  had 
any  beneficial  effect  as  weather  conditions  were  not  favorable  for  scab 
infection  before  the  August  application." 

Tests  were  continued  in  1918  but  conclusive  results  were  not  secured. 
Both  the  dusted  and  the  sprayed  trees  produced  good  crops  of  fine  clean 
fruit,  and  the  check  trees  (those  left  unsprayed  for  comparison)  had 
only  a  small  percentage  of  fruits  injured  by  scab,  although  they  were 
considerably  damaged  by  the  codling  moth. 

Commercial  fruit  growers  who  have  tried  dusting  instead  of  spraying 
have  had  various  experiences.  No  definite  nor  conclusive  general  results 
can  be  drawn  from  these  experiences.  Many  of  them  are  satisfied  with 
dusting  while  others  will  continue  to  use  the  sprays. 

We  are  compelled  to  state  that  the  use  of  dusting  material  as  a  sub- 
stitute for  liquid  mixtures  is  still  in  the  experimental  stage. 
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SUGGESTIONS.* 

For  the  benefit  of  fruit  growers  who  may  care  to  use  the  dusting  method 
at  this  time,  a  few  suggestions  may  prove  helpful. 

A  duster  of  sufficient  capacity  and  power  should  be  used.  Efficient 
work  cannot  be  done  with  an  undersized  machine. 

Special  dusting  sulphur  should  always  be  used.  The  ordinary  grades 
of  sulphur  are  not  satisfactory. 

Home-mixing  of  materials  should  not  be  tried  unless  a  special  mixing 
machine  is  used. 

Applications  should  be  made  from  two  opposite  directions  and  prefer- 
ably when  there  is  not  any  wind. 

Unlike  spraying,  dusting  can  be  safely  done  when  the  foliage  is  wet. 

More  applications  of  dust  than  are  usually  made  of  the  liquid  sprays 
will  probably  be  desirable.  However,  the  number  will  depend  largely 
upon  weather  conditions.  The  applicatioiis  of  dust  should,  of  course,  be 
made  before  scab  infection  periods.  Cool  and  rainy  weather  is  favorable 
to  scab  development. 

BORDEAUX  MIXTURE. 

Bordeaux  mixture  is  made  of  copper  sulphate,  lime  and  water. 

These  three  substances  are  combined  in  various  proportions,  depend- 
ing upon  the  kind  of  plant  to  be  treated.  For  apples,  pears,  cherries  and 
plums  (except  Japanese  varieties)  the  preparation  is  usually  four 
pounds  of  copper  sulphate,  with  about  the  same  amount  of  lime,  to  fifty 
gallons  of  water.  Poison  is  added  as  needed.  The  copper  sulphate  will 
readily  dissolve  in  two  gallons  of  hot  water,  to  which  should  be  added 
enough  water  to  make  25  gallons,  or  one-half  barrel.  Do  not  use  an 
iron  or  tin  vessel  to  dissolve  this  in,  as  the  copper  sulphate  will  destroy 
it,  and  besides  the  iron  will  spoil  the  Bordeaux.  A  wooden  pail  is  good. 
Slake  the  lime  into  a  thin  paste  and  add  water  to  make  25  gallons.  Pour, 
or  let  these  run  together  into  a  third  barrel,  and  the  Bordeaux  is  made. 
When  it  is  emptied  into  the  spray  barrel  or  tank,  it  should  be  strained 
through  a  brass  wire  strainer  to  catch  any  of  the  coarse  particles. 

Whenever  it  is  necessary  to  use  a  quantity  of  the  mixture,  it  is  desir- 
able to  have  the  lime  and  copper  sulphate  in  "stock  solutions."  A 
quantity  of  lime  is  slaked  to  a  paste  and  held  so  by  being  covered  with 
water.  The  copper  sulphate,  say  50  pounds,  is  placed  in  a  clean  gunny 
sack  and  suspended  in  a  barrel  (one  with  wooden  hoops  is  much  to  be 
preferred)  containing  25  gallons  of  water.  This  will  dissolve  in  about 
a  day.  One  gallon  of  this  "stock  solution''**  is  equal  to  two  pounds  of 
copper  sulphate. 

A  good  quick  way  to  combine  these  three  substances  is  as  follows: 
Put  the  amount  of  the  "stock  solution"  of  copper  sulpliate  required  in  a 
barrel,  and  add  enough  water  to  make  25  gallons,  or  one-half  barrel. 
Put  about  7  pounds  of  the  lime  paste  in  a  barrel  and  add  25  gallons  of 
water,  making  a  thin  whitewash.  Pour,  or  let  these  two  run  together 
into  a  third  barrel,  or  directly  into  the  spray  barrel  or  tank,  being  sure  to 
strain.    When  partly  run  in,  test  with  ferro-cyanide  of  potash  to  make 

♦Prom  Special  Bulletin  No.  87.     Dusting  and  Spraying  Bxperiments  with  Apples. 
** Always  stir  this  "stoclc  solution"  before  dipping  any  out,  in  order  that  what  Is  used  may  be 
full  strength. 
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sure  enough  lime  lias  been  used.  If  Paris-green,  arsenate  of  lead,  or  any 
other  poison  is  to  be  used,  make  it  into  a  thin  paste  with  a  little  water 
and  add  it  to  the  Bordeaux-mixture,  which  is  now  ready  to  be  used. 

COPPER  SULPHATE  SOLUTION. 

Copper  sulphate  solution  is  copper-sulphate  dissolved  in  water.  It  is 
used  by  some  growers  to  spray  peach  trees  to  prevent  the  leaf  curl  where 
a  spraying  for  scale  insect  is  not  required.  Two  pounds  of  copper- 
sulphate  to  50  gallons  of  water  is  strong  enough  for  this  purpose. 

Prepared  Bordeaux.  There  are  many  brands  of  prepared  Bordeaux- 
mixtures  upon  the  market,  sold  under  various  proprietary  names.  Some 
of  them  also  contain  arsenical  poisons.  In  our  tests  of  these  materials, 
we  have  not  found  them  as  efficient  or  as  economical  in  controlling  fung- 
ous diseases  as  a  properly  home-made  Bordeaux. 


POISONS  USED  IN  SPRAYING. 
For  Insects  That  Chew. 

ARSENATE  OP  LEAD. 

This  poison  is  used  very  extensively.  It  can  be  obtained  either  as  a 
paste  or  as  a  dry  powder.  The  powder  is  about  twice  as  strong  as  the 
paste,  and  only  half  as  much  of  it  is  required  in  preparing  spray  mix- 
tures. Consequently  it  usually  costs  about  twice  as  much  as  the  paste 
per  pound.  Arsenate  of  lead  is  ready  for  use  at  any  time  and  does  not 
readily  injure  foliage.  Furthermore,  this  poison  can  be  safely  used  in 
the  lime-sulphur  sprays.  Injury  to  tender  foliage  like  the  peach  has 
occasionally  occurred  after  spraying  with  arsenate  of  lead  and  water 
when  the  foliage  was  moist  from  dew  or  rain.  '  'WTien  it  is  necessary  to 
spray  such  tender  foliage  as  that  of  peaches  or  Japanese  plums,  it  is  well 
to  add  from  three  to  five  pounds  of  freshly  slaked  or  of  hydrated  lime 
to  50  gallons  of  poison  spray. 

A  simple  easy  way  to  work  the  thick  pasty  arsenate  of  lead  into  a 
thin,  smooth  paste  is  to  put  the  amount  required  in  a  keg,  add  water  and 
churn  with  a  dasher,  such  as  is  used  in  an  old-fashioned  stone  churn. 
The  mixture  is  made  much  more  quickly  than  when  a  paddle  is  used 
for  stirring. 

ARSENATE  OP  CALCIUM. 

A  new  arsenical  spraying  material  is  coming  into  the  market  at  the 
present  time — arsenate  of  calcium.  It  has  been  tested  to  some  extent 
during  the  past  season,  notably  on  potatoes  and  apples,  and  seems  to 
i-esemble  arsenate  of  lead  in  its  nature  and  in  its  action  on  chewing  in- 
sects. It  costs  a  little  less  than  arsenate  of  lead  and  is  designed  to 
take  the  place  of  the  latter  poison.  This  substitution  would  be  desirable 
because  of  the  necessity  for  using  lead  in  other  ways.  Arsenate  of 
calcium  is  sold  as  a  very  finely  ground  powder,  and  when  used  at  the 
rate  of  15%  with  hydrated  lime  or  with  other  diluent  it  seems  to  be 
entirely  successful  in  dusting  operations.    It  can  also  be  combined  with 
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some  other  dusts.  Some  little  time  will  be  required  to  establish  it  as 
beyond  doubt  the  equivalent  of  arsenate  of  lead  for  use  in  watery  mix- 
tures. At  present  we  are  not  recommending  its  use  on  stone  fruits.  It 
is  hoped  that  eventually  arsenate  of  calcium  will  take  a  place  of  equal 
importance  with  arsenate  of  lead  in  many  sorts  of  spraying  operations, 
and  that  it  will  prove  as  reliable  when  mixed  with  fungicides  and  con- 
tact sprays  as  the  better  known  poison.  The  strength  ordinarily  recom- 
mended is  %  pound  of  the  powder  to  50  gallons  of  water,  lime-sulphur 
or  Bordeaux.  When  used  alone  in  water,  it  is  advisable  to  add  two  or 
three  pounds  of  freshly  slaked  lime  to  each  barrel  of  the  spray. 

PARIS-GREBN  AND  LIMB. 

Never  mix  Paris-green  with  lime-sulphur  in  any  form.  Paris-green  can, 
however,  be  used  with  Bordeaux-mixture  with  safety. 

For  spraying  from  a  barrel,  the  writer  has  found  the  following  method 
very  useful :  Place  from  ^  to  ^  pound  of  good  lump  lime,  or  unslaked 
lime,  in  each  of  3  or  4  tin  pails  which  will  hold  about  3  quarts  or  less. 
Old  cans  or  crocks  will  answer  just  as  well.  Add  enough  hot  water  to 
slake  it  into  a  thin  cream  or  paste.  Now  add  to  each  lot  ^4  pound  of 
Paris-green,  previously  weighed  out,  and  placed  in  paper  bags ;  stir  while 
the  lime  is  hot  and  allow  to  stand  for  some  time.  Now  measure  out  about 
44  gallons  of  water  in  your  spraying  barrel,  and  make  a  mark  that  will 
show  how  high  it  comes  in  the  barrel ;  add  the  contents  of  one  tin  pail 
(viz.,  1^  pound  of  Paris-green  and  y^  pound  of  quick-lime  slaked)  into 
the  44  gallons  of  water  in  the  barrel.  Stir  well  and  spray.  The  pails 
or  crocks  can  be  used  one  at  a  time  and  re-filled  occasionally  so  that 
the  stock  is  always  on  hand  ready  for  use. 

ARSENATE  OP  CALCIUM — KEDZIE- MIXTURE. 

This  mixture,  originated  by  the  late  Dr.  R.  C.  Kedzie,  of  this  station, 
is  cheap,  but  it  has  the  disadvantage  of  lacking  a  warming  color.  It  is 
a  good  substitute  for  Paris-green,  but  must  be  made  with  care,  and  stored 
in  well-labeled  jugs.  It  is  made  of  white  arsenic  (not  arsenate  of  lead) 
and  carbonate  of  soda. 

Dr.  Kedzie  in  giving  directions  for  its  preparation  says:  "Dissolve 
the  arsenic  by  boiling  with  carbonate  of  soda,  and  thus  insure  complete 
solution ;  which  solution  can  be  kept  ready  to  make  a  spraying  solution 
whenever  needed.  To  make  the  material  for  eight  hundred  (800)  gal- 
lons of  spraying  mixture,  boil  two  pounds  of  white  arsenic  with  eight 
(8)  pounds  of  sal-soda  (crystals  of  carbonate  of  soda — 'washing  soda' — 
found  in  every  grocery  and  drug  shop)  in  two  gallons  of  water.  Boil 
these  materials  in  any  iron  pot  not  used  for  other  purposes.  Boil  for 
fifteen  minutes  or  until  the  arsenic  dissolves,  leaving  only  a  small  muddy, 
sediment.  Put  this  solution  into  a  two-gallon  jug  and  label,  Toison,' 
stock  material  for  spraying  mixture." 

"The  spraying  mixture  can  be  prepared  whenever  required,  and  in  the 
quantity  needed  at  the  time  by  slaking  two  pounds  of  (stone  or  lump) 
lime,*  adding  this  to  forty  gallons  of  water ;  pour  into  this  a  pint  of  the 

♦Three  pounds  of  fresh  hydrnted  lime  may  be  made  to  take  the  place  of  the  two  pounds  of 
stone  or  lump  lime. 
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stock  arsenic  solution.  Mix  by  stirring  thoroughly,  and  the  spraying 
mixture  is  ready  for  use.  The  arsenic  in  this  mixture  is  equivalent  to 
four  ounces  of  Paris-green." 

"The  pot,  jug,  etc.,  must  never  be  used  for  any  other  purpose  after 
using  it  for  making  this  mixture."    - 

If  an  additional  pound  or  two  of  lime  be  added  to  the  mixture  it  will 
help  to  make  the  application  permanent  and  conspicuous  without  in  any 
way  interfering  with  its  effect. 

The  final  product  obtained  in  the  spraying  tank  is  arsenite  of  calcium 
(not  arsenate  of  calcium)  which  kills  more  quickly  than  arsenate  of  lead 
or  arsenate  of  calcium.  The  formula  given  above  was  designed  for 
spraying  fruit  trees.  T\Tien  this  poison  is  used  for  potatoes,  use  twice 
as  much  of  the  stock  solution,  or  1  quart  to  40  gallons  of  water.  Some 
potato  growers  prefer  to  use  it  even  stronger  than  this. 


CONTACT  INSECTICIDES. 
For  Insects  That  Suck. 

NICOTINE. 

The  insecticide  most  generally  used  for  sucking  insects,  at  the  present 
time,  is  nicotine.  Nicotine  is  a  clear,  colorless,  odorless  material  when 
purCy  although  the  commercial  preparations  contain  impurities  which 
impart  both  odors  and  color  to  the  spray.  It  is  marketed  in  two  forms : 
the  volatile,  plain  nicotine  and  the  non-volatile  nicotine-sulphate.  For 
use  in  greenhouses  and  forcing  houses,  the  volatile,  plain  nicotine  is 
preferable  because  it  disappears  from  the  plants  treated  rather  rapidly, 
without  leaving  any  deposit  which  would  be  dangerous  or  offensive.  For 
out-door  work,  however,  the  sulphate  is  much  to  be  preferred,  since  it 
is  stable  and  does  not  evaporate  and  pass  off  into  the  air  for  a  consider- 
able length  of  time,  at  least.  A  favorite  strength  for  marketing  nicotine 
is  40%,  although  some  of  the  plain  nicotines  are  put  out  at  10%  arid 
some  even  stronger  than  40%.  All  references  to  nicotine  made  in  this 
bulletin  refer  to  the  use  of  40%  nicotine-sulphate,  since  the  bulletin  deals 
with  outside  spraying  and  is  not  intended  to  include  remedies  for  crops 
grown  under  glass  or  for  vegetables  such  as  lettuce,  where  the  sprayed 
part  is  to  be  eaten  soon  after  the  application.  Nicotine-sulphate  may 
be  stirred  into  the  dilute  lime-sulphur  or  arsenate  of  lead  or  a  combina- 
tion of  the  two  immediately  before  the  spray  is  applied.  It  should  not 
be  stirred  and  allowed  to  stand  before  the  application  is  made.  In  case 
nicotine  is  added  to  any  other  spraying  compound,  soap  should  never  be 
added.  In  case,  however,  nicotine  is  used  by  itself  alone  and  diluted 
with  water,  soap  adds  greatly  to  its  efficiency  by  causing  it  to  spread 
better  and  perhaps  in  other  ways.  The  favorite  strength  used  in  orchards 
and  small  fruit  spraying  is  1  part  to  800,  in  other  words,  1  pint  to  100 
gallons  of  water  with  3  or  4  pounds  of  soap,  or  1  pint  to  100  gallons  of 
dilute  lime-sulphur  without  soap.  Some  growers  dilute  the  nicotine 
still  further,  using  1  part  to  1,000  of  water  or  other  spraying  material. 
Of  course,  if  one  uses  10%  nicotine,  one  should  use  four  times  as  much 
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of  it  as  if  40%  nicotine  were  employed,  and  any  strengths  of  nicotine 
other  than  those  mention^  should  be  diluted  in  proportion  to  their 
strengths. 

-  KBROSBNB  BMULSION. 

Place  two  gallons  of  ordinary  kerosene  in  a  warm  place,  either  in  a 
warm  room  or  in  the  sun,  and  allow  to  become  as  warm  as  possible  with- 
out danger  from  fire.  Boil  1  pound  of  laundry  soap  or  whale  oil  soap 
in  a  gallon  of  soft  water  until  completely  dissolved.  Remove  the  soap 
solution  from  the  fire,  and  while  still  boiling  hot,  add  the  kerosene  and 
agitate  vigorously  for  10  minutes,  or  until  the  oil  is  emulsified,  with  a 
spraying  pump  by  forcing  the  liquid  back  into  the  vessel  from  which  it 
was  pumped.  When  the  liquid  is  perfectly  emulsified  it  wiU  appear 
creamy  in  color  and  will  flow  evenly  down  the  side  of  the  vessel  when 
allowed  to  da  so.  Care  shotild  be  taken  to  completely  emulsify  the  oil 
and  this  is  accomplished  much  more  easily  when  the  mixture  is  hot. 

This  strong  emulsion  may  now  be  readily  diluted  with  water  and  used, 
or  it  may  be  stored  away  for  future  use.  When  cold  it  becomes  like  sour 
milk  in  appearance  and  should  be  dissolved  in  three  or  four  times  its 
bulk  of  hot  water  before  diluting  with  cold  water.  If  the  water  is  at  all 
hard,  "break"  it  by  adding  a  little  sal-soda  before  putting  in  the  soap. 

Small  amounts  of  this  emulsion  may  be  made  by  using  the  ingredients 
in  small  quantities,  but  in  the  same  relative  proportion.  It  is  used  at 
the  rate  of  8  or  10  parts  of  water  to  1  part  of  emulsion. 

HELLEBORE. 

White  hellebore  is  the  powdered  root  of  a  plant.  It  kills  both  by  con- 
tact and  as  an  internal  poison.  It  may  be  applied  either  dry  or  in  the 
form  of  a  liquid.  When  used  dry  it  should  be  mixed  with  three  or  four 
times  its  weight  of  flour  or  of  plaster  and  then  dusted  on  the  insects. 
Applied  wet,  one  pound  should  be  mixed  with  twenty-five  gallons  of  water 
and  this  liquid  applied  as  a  spray. 

INSECT  POWDER,  BUHACH,  PYRBTHRTTM. 

This  valuable  remedy  has  one  drawback — ^its  cost.  It  is  too  expensive 
for  use  on  a  large  scale.  It  kills  insects  through  their  breathing  pores, 
but  is  harmless  to  man  and  beast.  It  will  kill  many  of  the  insects  of  the 
garden  if  dusted  on  or  applied  as  a  spray  at  the  rate  of  1  ounce  to  2 
gallons  of  water. 

Use  the  powder  when  it  is  undesirable  to  use  poison,  but  never  buy 
any  unless  it  comes  in  tightly  sealed  packages.  It  loses  its  strength 
on  short  exposure  to  the  air.  An  hour  will  suffice  to  weaken  it.  It 
must  be  applied  from  time  to  time,  as  it  quickly  loses  its  strength. 

.HYDRATED  LIME. 

Freshly  hydrated  lime  is  sometimes  useful,  because  of  its  slight  caustic 
properties.  It  is  especially  useful  against  such  larv®  of  saw-flies  and 
beetles  as  are  sticky,  as  well  as  those  of  the  cherry  slug  and  of  the 
asparagus-beetle.    The  lime  may  be  dusted  on  and  used  as  a  substitute 
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for  a  poison  if  the  latter  for  some  reason  is  undesirable.  This  is  not 
to  be  confused  with  ground  quick  lime,  which  is  used  in  making  Bordeaux- 
mixture,  the  latter  being  very  caustic  and  likely  to  burn  the  foliage. 
Nor  should  hydra  ted  lime  be  confused  with  air  slaked  lime,  since  the 
latter  is  not  caustic  at  all.  Hydrated  lime,  when  dusted  on  sticky 
larvae,  clings  to  their  bodies  and  attacks  them  through  their  skins. 

POISONED  BRAN    (KANSAS  BAIT). 

Sift  together  1  pound  of  Paris-green  or  %  pound  of  white  arsenic 
(not  arsenate  of  lead)  and  20  pounds  of  bran;  add  half  a  gallon  of 
molasses  or  syrup  and  a  little  water,  and  stir  in  three  oranges  or  lemons, 
ground  fine  in  a  food-chopper,  skins  and  all.  This  may  be  broad-casted 
over  from  2  to  5  acres  of  land.  It  is  very  attractive  to  both  cut-worms 
and  to  grasshoppers.  Do  not  try  to  substitute  any  other  poison  for  the 
Paris-green  or  white  arsenic.  Neither  arsenate  of  lead  nor  arsenate  of 
calcium  will  do  the  work  unless  very  large  quantities  of  the  prison  are 
used.  Neither  should  one  use  this  bait  where  poulti*y  are  likely  to  pick 
up  much  of  it,  although  the  bait  should  be  distributed  in  a  finely  broken 
up  condition  rather  than  in  lumps. 

CRIDDLE   MIXTURE. 

Criddle-mixture  is  horse  manure  mixed  with  an  arsenical,  and  slightly 
salted.  It  is  to  be  distributed  about  the  field  in  small  masses,  and  is 
especially  useful  in  combatting  grasshoppers,  as  it  takes  advantage  of 
their  well-known  love  of  salt.    The  proportions  are  about  as  follows : 

Paris-green,  1  pound;  salt,  2  pounds;  fresh  horse  manure,  100  pounds 
or  five  3-gallon  pailfuls.  The  salt  is  dissolved  in  a  pail  of  water,  the 
poison  stirred  in,  and  the  whole  mixed  with  the  horse  manure  in  a  half 
barrel. 

LYSOL. 

For  sterilizing  knives,  saws,  shears  and  other  tools,  nothing  is  better 
than  lysol  used  at  the  rate  of  from  2  to  5%,  diluted  with  water.  Lysol 
has  the  advantage  that  it  helps  cleanse  the  tools  and  softens  dirt  that 
might  otherwise  cling  to  them.  It  is  useful  for  cleansing  and  sterilizing 
tools  used  in  pruning  where  diseases  are  present  and  for  sterilizing  the 
knife  used  used  in  cutting  out  peach-borers,  in  order  to  avoid  distributing 
crown-gall  through  the  orchard. 

POISONED  SYRUP  FOR  ONION  MAGGOT. 

Dissolve  5  grams  or  V^  ounce  of  sodium  arscinte  in  I  gallon  of  hot 
water  and  add  half  a  pint  of  New  Orleans  molasses.  Distribute  a  small 
amount  of  this  in  small  basins  covered  with  wire  screen  of  small  enough 
mesh  to  keep  out  bees,  using  15  or  20  of  these  basins  to  the  acre,  and  put 
the  pans  in  position  just  as  the  onions  begin  to  nicely  get  through  the 
ground  keeping  them  replenished  until  the  danger  is  past.  It  is  said 
that  the  efficiency  of  this  bait  is  increased  if  a  slice  of  onion  is  added  to 
the  syrup  in  each  pan. 

Two  tablespoonf  uls  of  the  stock  solution  of  Kedzie-mixture  will  take  the 
place  of  the  5  grams  of  arsenite  of  soda. 
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CAUTIONS. 

Do  not  spray  while  plants  are  in  bloom.  It  is  prohibited  by  law, 
except  when  canker-worm  is  present,  and  may  destroy  bees  and  other 
beneficial  insects. 

Do  not  dissolve  copper  sulphate  in  an  iron  or  tin  vessel.  It  will  ruin 
the  vessel  and  spoil  the  spraying  solution. 

For  all  spraying  solutions  containing  copper  sulphate,  the  pump  must 
be  brass  or  porcelain  lined. 

Wash  out  pump  and  entire  outfit  each  time  ^fter  using. 

Use  arsenate  of  lead  on  stone  fruits  in  preference  to  other  forms  of 
arsenical  poisons.    It  is  less  liable  to  burn  the  foliage. 

Do  not  spray  fruits  or  plants  with  poison  within  a  month  of  the  time 
when  they  are  to  be  picked. 

Keep  all  "stock  solutions''  covered  to  prevent  evaporation,  and  oxi- 
dation. If  a  "spray  gun"  is  used  try  to  do  the  work  when  the  mixture 
will  dry  on  the  tree  quickly. 

Do  not  use  lime-sulphur  solution  as  a  summer  spray  for  grapes,  pota- 
toes or  tomatoes. 

Do  not  use  Paris-green  or  Kedzie-mixture  in  combination  with  lime- 
sulphur  sprays. 
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TABLE  OF   DILUTIONS 


FOR  CONCENTRATED  LIME  SULPHUR 
WASH. 


To  spray  for  San  Jose  and  other 

scale  insects  when  plants  are 

dormant  or  just  before  buds 

open  in  Spring. 


Summer  sprajring  for  Apples,  Cherries, 
and  European  Plums. 


Amount  below 

Amount  below 

If  Baume 

should  be  diluted 

If  Baume  test  is 

should  be  diluted 

test  is 

to  50  gallons. 

to  50  gallons. 

33 

5%  gallons 

33,  32  or  31 

114  gallons 

32 

5%  gallons 

30,  29  or  28 

1^  gallons 

31 

6      gallons 

27,  26  or  25 

1%  gallons 

30 

614  gallons 

24,  23  or  22 

2      gallons 

29 

6^  gallons 

21,  20  or  19 

2^/4  gallons 

28 

6%  gallons 

27 

7      gallons 

*rf  1 

26 

7y2  gallons 

25 

7%  gallons 

Summer  Spra 

ying  of  Pears. 

24 

8      gallons 

' 

23 

81/4  gallons 
8%  gallons 

22 

! 

21 

914  gallons 

33,  32  or  31 

1       gallon 

20 

^V2  gallons 

30,  29  or  28 

IVt  gallons 

19 

10     .  gallons 

27,  26  or  25 

114  gallons 

IS 

1014  gallons 

24,  23  or  22 

1%  gallons 

17 

1034  gallons 

■    21,  20  or  19 

2      gallons 
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THE  FINANCIAL  HISTORY  OF  A  12-YEAR  OLD  PEACH  ORCHARD 


Special  Bulletin  No.  94 


BY  H.  J.  EUSTACE  AND  F.  M.  BARDEN. 

INTRODUCTION. 

The  peach  has  always  been  an  important  commercial  horticultural  crop 
in  Michigan.  The  earliest  ventures  in  extensive  fruit  growing  were  with 
peach  orchards  in  Western  Michigan.  No  other  fruit  crop  has  a  history 
of  so  many  or  so  great  financial  successes  or  failures,  and  largely  for  these 
reasons  fruit  growers  are  always  especially  interested  in  the  crop  and 
everything  pertaining  to  it.  The  financial  record  of  twelve  years  of  this 
15-acre  orchard  will  be  of  value  and  interest. 

The  financial  account  of  any  orchard  enterprise  is  interesting  to  every 
owner  of  a  similar  property  as  it  gives  a  basis  of  comparing  their  own 
costs  and  returns  with  others  and  may  shed  some  light  on  orchard  values, 
and  the  prospective  fruit  grower  is  always  anxious  to  know  the  probable 
costs  and  returns. 


PEACH  PRODUCTION  ON  MICHIGAN  FRUIT  FARMS 

Peaches  are  nearly  always  grown  on  Michigan  fruit  farms  along  with 
other  fruit  crops.  With  the  production  of  several  other  crops  a  system  of 
farm  management  can  be  better  and  more  economically  managed. 

Also,  the  income  from  the  farm  is  more  likely  to  be  uniform  if  more  than 
one  crop  is  depended  upon.  The  peach  is  well-known  to  be  a  "fickle  crop," 
and  there  are  very  few  regions  or  orchard  sites  that  can  be  depended  upon 
to  bring  forth  a  regular  crop. 


DATA  FOR  SERIES  OF  YEARS  DESIRABLE 

The  financial  statement  of  one  or  a  few  years  of  an  orchard  property  is 
not  of  much  value  and  it  may  be  used  in  a  misleading  way.  The  only  fair 
way  to  judge  of  returns  from  an  orchard,  especially  a  peach  orchard,  is  by 
averages  of  a  reasonable  number  of  years.  The  costs  should  be  considered 
in  the  same  way.  The  peach  is  the  shortest  lived  orchard  tree,  it  begins 
to  bear  at  an  early  age  and  reaches  its  time  of  unprofitableness  sooner 
than  any  other.  For  this  reason  the  expenses  of  starting  and  develop- 
ment during  the  first  years  when  crops  are  not  produced  should  be  charged 
against  the  later  years  of  crop  production. 
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CONDITION  OF  THE  ORCHARD 

The  peach  orchard  considered  here  is  owned  by  Messrs.  J.  K.  Barden  & 
Son.  The  records  have  all  been  taken  by  Mr.  F.  M.  Barden.  The  orchard 
is  of  fifteen  acres,  located  in  Allegan  County,  Casco  township,  eight  miles 
northeast  of  the  city  of  South  Haven.  The  early  history  of  the  orchard 
including  a  financial  statement  is  given  in  Special  Bulletin  63  of  the  Sta- 
tion in  September,  1913,  but  the  important  points  must  be  repeated  here 
for  a  proper  understanding  for  a  later  account. 

The  orchard  is  located  on  good  soil,  a  gravelly,  sandy  loam  in  most  parts 
but  clay  in  a  few.  The  sub-soil  is  clay  or  sand.  There  is  a  gradual  slope 
to  the  south  and  west  and  lower  surrounding  land  gives  excellent  air 
drainage. 
•  Originally  the  land  was  covered  with  hardwood  trees,  beech  and  maple 
predominating.  After  clearing,  general  farm  crops  were  raised.'  The 
present  orchard  is  the  third  bearing  peach  orchard  upon  the  same  land. 
It  was  set  in  the  spring  of  1907  and  includes  100  trees  of  New  Prolific ; 
370  Engles;  200  Kalamazoo;  120  Gold  Drop;  125  Elberta;  100  Banner; 
100  Fitzgerald;  275  Smock,  and  200  Salways.  As  is  not  uncommon,  some 
were  not  true  to  name.  Of  the  Smock  120  were  Champion  and  nearly  all 
the  Banner  were  unknown.  The  nurserymen  made  a  refund  when  the  niis- 
take  was  discovered.  The  trees  were  set  20  feet  each  way,  which  was  a 
mistake;  24  feet  or  even  more  would  have  been  better. 


THE  ANNUAL  RECORDS  OF  THE  ORCHARD 

THE  EXPENSES 

This  orchard  is  part  of  a  farm  upon  which  other  crops  are  produced,  as 
apples,  pears,  plums,  and  quinces,  also  some  general  farm  crops  and  a 
small  dairy. 

All  the  labor  whether  performed  personally  by  the  owners  or  hired  and 
horse  labor  whether  done  with  teams  owned  or  hired  has  been  charged  for 
at  the  "going  rate"  of  the  neighborhood.  This  varied  with  the  kind  of 
labor  performed,  the  time  of  the  year  it  was  done,  and  with  the  different 
years.  The  pruning  was  considered  "skilled  labor."  The  cost  of  labor  in 
the  spring  and  summer  months  was  less  than  in  the  fall  and  the  labor 
bills  for  the  first  years  were  smaller  than  for  the  later  years  as  was  com- 
mon with  all  labor.  All  expenses  are  charged  to  the  orchard  just  as 
though  actual  cash  was  paid  out  or  all  the  labor  was  hired.  This  is  the 
correct  way  for  purposes  of  accounting,  but  since  the  owners  did  consid- 
erable of  the  work  themselves,  they  were  getting  pay  for  their  labor  in 
addition  to  the  profit  on  their  own  property. 

An  account  of  every  item  of  expense  has  been  kept.  These  items  may  be 
divided  into  two  groups.  One  of  such  items  as  are  necessary  for  the  main- 
tenance of  the  orchard  and  must  be  assumed  regardless  of  whether  there 
is  a  crop  or  not  and  the  size  of  the  crop.  They  would  include  interest  on 
the  land,  interest  on  the  equipment,  though  most  of  it  was  also  used  for 
other  crops,  cost  of  the  young  trees  and  planting,  pruning,  dormant  spray- 
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ing,  cultivation,  fertilizers  and  cover  crop  seeds.  The  other  group  of 
expenses  may  be  called  "crop  expenses"  as  they  were  necessary  only  in  the 
crop  years  and  their  size  depends  a  good  deal  on  the  size  of  the  crop. 
These  included  the  cost  of  summer  sprayings,  thinning,  harvesting,  pack- 
ing, hauling  to  the  shipping  station,  and  packages.  A  brief  statement  will 
be  given  for  each  year  of  the  expenses,  returns  and  profit  or. loss. 


THE  FIRST  YEAR,  1907 

EXPENSES  RETURNS 

Maintenance |29l  18        Corn  Crop ?509  50 

Crop  ; 123  88 

Total  for  orchard ?415  OG 

Total  per  acre 27  67 

Net  profit  for  orchard ?94  44 

Net  profit  per  acre 6  29 

Expenses  include  the  cost  of  the  young  trees.  This  year  a  crop  of  corn 
was  grown  between  the  tree  rows,  providing  besides  cultivation  a  worth- 
while revenue. 


THE  SECOND  YEAR,  1908 

EXPENSES  RETURNS 

Maintenance |225  25        None. 

Crop None 

Total  for  orchard. . .  |225  25 

Total  per  acre 15  01  • 

Net  loss  for  orchard |225  25 

Net  loss  per  acre 15  01 

A  crop  was  not  grown  between  the  tree  rows  this  year,  though  it  might 
have  been  had  there  been  pressing  need  for  the  land  and  the  time  taken 
from  other  work  to  put  it  in. 


THE  THIRD  YEAR,  1909 

EXPENSES  RETURNS 

Maintenance $204  60        Refund  from  nurseryman 

Crop None  for  trees   not   true   to 


name f  65  00 


Total  for  orchard. . .  f204  60 

Total  per  acre 13  64 

Net  loss  for  orchard fl39  60 

Net  loss  per  acre 9  30 
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THE  FOURTH  YEAR,  1910 

EXPENSES  RETURNS 

Maintenance $238  28        None. 

Crop None 

Total  foj-  orchard f 238  28 

Total  per  acre 15  88 

Net  loss  for  orchard f238  28 

Not  less  per  acre 15  88 

A  peach  tree  usually  produces  a  fair  crop  its  fourth  year.  This  orchard 
gave  promise  of  a  good  crop  at  blossoming  time  but  the  unseasonable 
cold  weather  blasted  the  prospects. 


THE  FIFTH  YEAR,  19M 

EXPENSES  .  RETURNS 

Maintenance f276  53        2,039  bu.  at  ?1.25 $2,548  75 

Crop  495  90        25  bu.  at  ?0.50 12  50 

Total  for  orchard. . .  f772  43  Total  for  orchard. .  .?2,561  25 

Total  per  acre ^ . .       51  49  Total  per  acre 170  75 

Net  profit  for  orchard |1,788  82 

Net  profit  per  acre. 119  26 

Cost  per  bushel  for  this  crop  was 37 

Net  profit  per  bushel  was 86 

It  should  be  noted  that  the  returns  from  this  first  crop  of  fruit  are  much 
more  than  enough  to  pay  for  all  the  previous  expenses. 


THE  SIXTH  YEAR,  1912 

EXPENSES  RETURNS 

Maintenance f303  96        2,128  bushels ?2,920  99 

Crop 528  88 


Total  for  orchard. . .  ¥832  84  Total  for  orchard. .  .?2,920  99 

Total  per  acre 55  52  Total  per  acre 194  74 

Net  profit  for  orchard |2,088  15 

Net  profit  per  acre '. 139  22     . 

Cost  per  bushel  for  this  crop  was 39 

Net  profit  per  bushel  was 98 

During  the  past  winter  the  farm  thermometer*  registered  20 "•  below 
zero,  and  some  of  the  trees  died  which  had  appeared  entirely  healthy. 
This  crop,  larger  than  the  previous  year  was  borne  on  two-thirds  of  the 
orchard,  as  the  lowest  and  highest  part  suffered  the  most  injury  from  the 
cold. 
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THE  SEVENTH  YEAR,  1913 

EXPENSES  RETURNS 

Maintenance |322  89        1,800  bn.  at  ?1.00 f  1,800^  00 

Crop  432  24 


Total  for  orchard. . .  f755  13  Total  for  orchard. .  .$1,800  00 

Total  per  acre 50  34  Total  per  acre 120  00 

Net  profit  for  orchard $1,044  87 

Net  profit  per  acre 69  66 

Cost  per  bushel  for  this  crop 42 

Net  profit  per  bushel 58 

The  comparatively  small  yield  this  year  was  due  to  a  hard  frost  at 
blossoming  time.  The  injury  would  have  been  more  severe  had  not  the 
orchard  site  been  such  as  to  provide  good  air  drainage.  The  fruit  was  sold 
early  in  the  season  at  a. stated  price.  If  sold  at  harvest  time  it  would  have 
brought  fifty  cents  a  bushel  more. 

THE  EIGHTH  YEAR,  1914 

EXPENSES  RETURNS 

Maintenance $358  89    3,107  bu.  at  $1 .  10 $3,417  70 

Crop  933  88     753  bu.  at   .75 564  75 

66bu.  at   .50 33  00 


Total  for  orchard. .  .$1,292  77  Total  for  orchard. .  .$4,015  45 

Total  per  acre 86  18  Total  per  acre 267  69 

Net  profit  for  orchard $2,722  68 

Net  profit  per  acre 181  51 

Cost  per  bushel  for  this  crop 33 

Net  profit  per  bushel 69 

The  crop  was  again  sold  early  in  the  season  and  for  a  better  price  than 
could  have  been  secured  at  harvesting  time. 

The  purchaser  was  the  same  as  last  season  so  his  losses  were  in  a 
measure  offset  by  his  gains  of  last  year. 


THE  NINTH  YEAR,  1915 

EXPENSES  RETURNS 

Maintenance $294  49  *     2,272  bu.  at  $0.48 $1,090  56 

Crop 578  86 


T9tal  for  orchard. . .  $873  35  Total  for  orchard. .  .$1,090  56 

Total  per  acre 58  22  Total  per  acre 72  70 

Net  profit  for  orchard $217  21 

Net  profit  per  acre 14  48 

Cost  per  bushel  for  this  crop 38 

Net  profit  per  bushel 10 
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There  was  an  unusually  large  peach  crop  in  all  sections  this  year  hence 
the  low  price.  It  was  impossible  to  make  sales  in  advance  so  they  were 
made  at  harvesting  time. 


THE  TENTH  YEAR,  19U 

EXPENSES  RETURNS 

Maintenance    $254  57        3,103  bu.  at  fO.94 ?2,832  22 

Crop 809  94 


Total  for  orchard. .  .$1,064  51  Total  for  orchard. .  .$2,832  22 

Total  per  acre 70  9G  Total  per  acre 188  81 

Net  profit  for  orchard |1,761  71 

Net  profit  per  acre 117  85 

Cost  per  bushel  for  this  crop 35 

Net  profit  per  bushel 59 

This  was  a  very  satisfactory  season.    Nothing  of  unusual  importance 
occurring. 


THE  ELEVENTH  YEAR,  1917 

EXPENSES  RETURNS 

Maintenance |272  85        1,115  bu.  at  ?1.50 ?1,672  50 


Crop  345  89 


Total  for  orchard. . .  f618  74  Total  for  orchard. .  .$1,672  50 

Total  per  acre 41  25  Total  per  acre Ill  50 

Net  profit  for  orchard >?1,0.53  7(> 

Net  profit  per  acre 70  25 

Cost  per  bushel  for  this  crop 55 

Net  profit  per  bushel 95 

The  severe  winter  shortened  this  crop,  ftlthougU  some  varieties  would 
have  been  light  as  not  many  fruit  buds  develoiXMl.  A  light  crop  through- 
out the  country  made  a  good  price. 
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THE  TWELFTH  YEAR,  1018 


KX  TENSES 

Maintenance f360  44 

Crop   177  97 


RETURNS 

614  bu.  at  12.50 $1,535 


8bu.  at    3.00 

4bu.  at    2.00 

21  2-5bu.  at?1.75. 
Derates  $2.50 


24 

8 

37 

22 


00 
00 
00 
45 
50 


Total 
Total 


Total  for  orchard. 
Total  per  acre 


.$1,626  95 
.      108  46 


for  orchard...  $538  41 

per  acre 35  80 

Net  profit  for  orchard $1,088  54 

Net  profit  per  acre 72  57 

Cost  per  bushel  for  this  crop 82 

Net  profit  per  bushel 1  72 

A  very  severe  winter  caused  the  small  yield.  Many  trees  were  killed  in 
neighboring  orchards  that  were  not  well  located.  The  old  wood  of  nearly 
all  of  the  trees  was  discolored  and  at  picking  time  it  was  discovered  the 
limbs  were  very  brittle.  Hardy  varieties  as  the  Kalamazoo  and  Gold  Drop 
bore  very  well  while  the  other  varieties  were  light. 

The  crop  was  nearly  all  sold  to  a  canning  factory  without  sorting  or 
grading. 

A  summary  of  all  the  accounts  is  given  in  Table  I  for  ease  of  compar- 
ison. 

TABLE  I.— ANNUAL  TOTAL  EXPENSES  AND    RECEIPTS  AND  NET  PROFIT  OF  15-ACRB 

PEACH  ORCHARD. 


■ 
Age. 

For  entire  orchard. 

Per  acre. 

Year. 

Total 

Total 

Net  loss  or 

Total 

Total 

Net  loss 

expenses. 

receipts. 

profit. 

expenses. 

receipts. 

or  profit. 

1907 

1  yr. 

$416  06 

$509  50 

$94  44 

$27  67 

$33  96 

$6  29 

1908 

2  yrs. 

•       225  25 

•    None 

L  225  25 

15  01 

None 

L  16  01 

1909 

3  yrs. 

204  60 

65  00 

L139  60 
L  238  28 

13  64 

4  33 

L9  31 

1910 

•4  yrs. 

238  28 

None 

15  88 

None 

L16  88 

1911 

6  yrs. 

772  43 

2.661  25 

1  .788  82 

51  49 

170  75 

119  26 

1912 

6  yrs. 

832  84 

2  .920  99 

2,088  15 

56  52 

194  74 

139  22 

1913 

7  yrs. 

755  13 

1.800  db 

1  .044  87 

50  34 

120  00 

69  66 

1914 

8  yrs. 

1  ,292  77 

4  .016  45 

2  ,722  68 

86  18 

267  69 

181  61 

1915 

9  yrs. 

873  36 

1  ,090  66 

217  21 

58  22 

72  70 

14  48 

1916 

10  yrs. 

1  .064  61 

2.832  22 

1  .767  71 

70  96 

188  81 

117  85 

1917 

11  yrs. 

618  74 

1  .672  60 

1  .053  76 

41  25 

111  50 

70  25 

1918 

12  yrs. 

538  41 

1  .626  96 

1  .088  54 

35  89 

108  46 

72  57 

Totals. 

$7  .831  37 

$19  .094  42 

♦$11  .263  05 

$522  05 

$1  .272  94 

$750  89 

♦The  expenses  are  deducted  for  the  three  years  (1908.  1909  and  1910)  when  there  was  not 
a  crop.    A  dlasram  of  the  costs  and  returns  is  shown  in  Figure  1. 
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From  this  summary  a  balance  sheet  or  a  statement  that  tells  the  all  im 
portant  facts  may  be  computed. 

TABLE  II— BALANCE  SHEET  FOR  15  ACRE,  12- YEAR  OLD  TEACH 

ORCHARD 

BXPBNSBS  RETURNS 

Total  «ost  for  orchard. .  .$7,831  37        Total    returns    for    or- 

Average  cost  per  year. . .      G52  61  chard f  19,09J:  42 

Average  cost  per  acre  per  Average     returns     per 

year 43  50  year 1,591  20 

Average     returns     per 

acre  per  year  106  08 

Net  profit  for  the  orchard ^ .  .?11,263  05 

Net  profit  per  year ? . .       938  58 

Net  profit  per  acre  per  year 62  57 

Net  profit  per  bushel  (16,972) 66 

An  overhead  charge  should  be  made  to  provide  for  the  orchard's  share 
in  the  farm  buildings,  though  none  for  the  orchard  especially  have  been 
erected,  nor  existing  ones  changed.  Therefore,  such  an  item  can  only  be 
estimated  and  might  be  assumed  at  2^2  cents  per  bushel  which  would 
amount  to  $424.30. 

Another  expense  would  include  the  cost  of  clearing  the  land  when  the 
trees  become  unprofitable  or  killed  by  a  freeze. 


REMARKS 

PRESENT   CONDITION   OF  THE   ORCHARD 

The  orchard  is  still  in  excellent  condition.  The  crop  of  1918  would  in- 
dicate this  following  a  winter  of  the  lowest  temperatures  in  many  years. 
If  the  trees  had  been  set  24  feet  apart  instead  of  20  feet,  it  would  have 
been  better  as  they  would  have  then  developed  more  fruiting  surface.  How- 
ever, there  should  be  five  or  six  more  crops  from  this  orchard  before  it 
becomes  unprofitable  from  age.  The  first  peach  orchard  on  this  site  pro- 
duced 12  crops  and  the  second  orchard  was  four  years  old  when  it  was  so 
badly  damaged  by  the  freeze  of  October,  1906,  that  it  was  pulled  out  but 
had  produced  one  crop. 

VARIATIONS  IN  THE  YIELDS  AND  PRICES 

One  of  the  most  prominent  thihgs  in  the  account  is  the  wide  variations 
in  the  size  of  the  crop  and  the  prices  received.  The  care  of  the  orchard 
was  the  same  every  year ;  one  season  as  near  like  another  as  possible.  The 
crop  did  not  increase  regularly  with  the  increased  size  or  age  of  the  trees. 
The  weather  for  the  year  is  all  that  will  account  for  the  differences,  and 
shows  its  tremendous  influence  on  peach  production  in  this  region,  which 
is  not  unlike  all  parts  of  the  state  wlien  peaches  are  grown  commercially. 

Peach  crops  of  uniform  size  cannot  be  depended  upon  nor  should  they 
be  expected.    Averages  must  he  the  rule  of  uie^nsure. 
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Variation  is  not  confined  to  yields  but  shows  probably  to  a  greater 
degree  in  the  prices  realized  the  different  years.  These  differences  are 
largely  accounted  for  on  the  size  of  the  general  crop,  and  to  some  extent 
on  the  time  of  marketing  this  particular  crop  and  the  competition  they 
happen  to  meet  with  at  that  time.  This  may  be  with  peaches  from  nearby 
or  far  distant  sections  or  from  other  products  that  can  take  the  place  of 
peaches.  Uniform  prices  cannot  be  depended  upon  nor  should  they  be . 
hoped  for,  unless  a  contract  is  made  for  a  term  of  years  with  a  canning 
factory.  However,  this  is  not  commonly  done.  The  hope  of  a  large  crop 
and  high  prices  is  too  alluring. 

The  good  grower  does  not  become  discouraged  with  poor  years  or  when 
he  has  a  large  crop  to  move  at  low  prices  or  a  small  crop  at  only  fair 
prices.  He  possesses  a  love  for  and  faith  in  the  business  and  a  vision  big 
enough  to  keep  him  ever  hopeful  and  looking  forward.  The  man  who  does 
not  have  these  qualities  had  better  leave  peach  growing  alone. 

NECESSARY  CASH  EXPENDITURES  AND  HARVESTING  EXPENSES 

From  the  complete  accounts  it  is  possible  to  select  the  items  for  which 
actual  cash  was  paid.  These  would  be  nursery  trees,  spraying  materials, 
fertilizers,  and  cover  crop  seeds.  Labor  is  not  included,  though  part  of  it 
was  hired,  but  used  for  other  crops  produced  on  the  farm.  These  items 
give  a  fair  basis  for  comparison  with  similar  orchards  as  peach  orchards 
on  most  Michigan  farms  have  been  developed  just  as  this  one  has,  being 
a  part  of  a  general  fruit  farm,  and  the  owner  usually  cannot  tell  how 
much  it  has  cost  further  than  to  know  the  actual  cash  outlay. 


TABLE    III.— ACTUAL   CASH    SPENT   FOR   SUPPLIES   AND   MATERIALS   FOR    15-ACRE 

PEACH  ORCHARD. 


Year. 

For  entire 
orchard. 

Per  acre. 

Year. 

For  entire 
orchard 

Per  acre. 

1907 

$122  55 
8  60 
14  50 
16  37 
38  13 
28  84 

$8  17 
66 
96 

1  02 

2  64 
1  92 

1913 

$104  08 
138  71 
49  98 
51  72 
69  31 
48  92 

$6  93 

1908     

1914 

9  24 

1909   

1915 

3  33 

1910      

1916 

3  44 

1911   

1917 

3  96 

1912       

1918 

3  26 

The  expenses  in  connection  with  harvesting  the  crop  may  well  be  consid- 
ered by  themselves.  They  are  not  incurred  unless  there  is  a  crop  of  fruit 
and  they  depend  upon  the  size  of  the  crop.  Furthermore  they  are  not  diffi- 
cult to  meet  as  buyers  and  marketing  associations  will  usually  make  ad- 
vances payments  of  suflScient  size  to  more  than  pay  for  all  harvesting 
expenses. 

The  amounts  necessary  to  handle  these  crops  will  be  of  interest.  They 
include  the  expenses  of  picking,  sorting,  packing,  hauling,  and  packages. 
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TABLM  iV.~KXPBNSBS  IN  CONNECTION  WITH  MARKBTINQ  CROP  OP  PfiACllKS  FUOM 

15-ACRE  ORCHARD. 


Year. 

Size  of 
crop. 

Expenses 
orchard. 

Per 
acre. 

Year. 

Size  of 
crop. 

Epzenses 

for 
orchard. 

Per 
acre. 

1911 

2.064 
2.128 
1,800 
3.926 

$467  85 
511  93 
405  87 
866  26 

$31  19 
34  12 
27  05 
57  75 

1916 

2,272 

3.018 

1.116 

640 

$535  52 
751  84 
328  28 
146  37 

$35  70 

1912    . 

1916 

50  09 

1913 .  .  .n 

1917 

21  88 

1914 

1918 

•9  75 

^Packages  were  not  purchased  this  year, 
ages  furnished. 


The  crop  was  sold  to  canning  factory  and  pack- 


COST  SHEET 


A  cost  sheet  for  the  life  of  the  orchard  is  given  in  Table  V.  The  relative 
costs  and  exi)en8es  of  the  many  orchard  and  harvesting  operations  may  be 
compared. 
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CONCLUSIONS 

The  orchard  is  an  average  one  of  the  better  class  for  the  southwestern 
part  of  the  state.  The  soil  is  good,  the  location  such  as  should  always  be 
selected  for  peaches.  The  care  at  all  times  has  been  intelligent  and  thor- 
ough. It  did  not  come  into  bearing  unusually  early  and  has  lived  through 
average  and  severe  winters,  the  yields  have  been  light  and  heavy,  prices 
low  and  so  high  as  to  be  spoken  of  as  "record  breaking."  If  it  were  de- 
stroyed now,  it  would  have  paid  well. 
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Special  Bulletin  95. 


BY   C.   W.    WAII). 

Adaptability 

The*  muskmelon  is  grown  commercially  in  certain  sections  in  the 
southern  and  central  portions  of  Michigan.  It  is  a  favorite  garden  crop 
in  all  parts  of  the  state  where  it  can  be  matured.  It  is  a  heat  loving  plant, 
and  does  best  where  the  summers  are  long  and  warm. 

By  starting  the  plants  in  a  greenhouse  or  hotbed  and  transferring  them 
to  the  open  ground  as  soon  as  the  weather  will  permit,  muskmelons  may  be 
successfully  grown  where  the  summers  are  too  short  for  the  fruit  to  reach 
maturity  when  the  seeds  are  planted  in  the  open  ground.  The  fruit  will 
be  of  better  quality  when  the  rainfall  is  light  than  when  it  is  excessive 
during  the  period  of  later  growth  and  maturity  of  the  melons,  although  a 
uniform  supply  of  soil  moisture  is  essential  for  best  results. 

The  muskmelon  may  be  grown  on  a  variety  of  soils.  As  a  commercial 
crop  it  is  usually  raised  on  loamy  soils.  A  warm  sandy  loam  because  of 
the  ease  of  working  and  earliness  of  maturity  of  the  melons,  is  especially 
well  suited  to  this  crop.  Practically  any  soil  which  can  be  used  for  gard- 
ening may  be  put  in  condition  to  produce  melons.  The  location  should, 
however,  be  free  from  danger  of  late  spring  and  early  summer  frosts.  The 
essential  soil  requirements  are  thorough  drainage,  an  abundant  supply 
of  readily  available  plant  food,  and  a  mechanical  condition  which  is  like 
that  of  a  virgin  soil.  It  is  fully  as  necessary  that  the  soil  be  mellow  and 
well  supplied  with  organic  matter,  as  it  is  that  a  good  supply  of  plant 
food  be  available. 

Rotation 

If  a  rotation  of  crops  is  possible  it  will  be  advantageous  to  plan  a  sys- 
tem in  which  melons  follow  clover.  Such  a  system  helps  add  fertility,  im- 
proves the  mechanical  condition  of  the  soil  and  lessens  the  danger  from 
melon  diseases. 

Even  if  a  crop  rotation  is  not  practicable,  as  is  usually  the  case  on  truck 
areas,  the  growing  of  clover  or  other  legumes  as  a  cover  crop  will  help  to 
keep  the  soil  in  good  condition  for  other  crops  as  well  as  for  melons.  A 
rotation  of  crops  on  a  truck  farm  should  be  followed  which  will  avoid  tlie 
necessity  of  growing  melons  after  melons.  On  small  garden  areas  the 
hills  of  melons  should  be  changed  from^one  place  to  another  each  season. 

Varieties 

Careful  consideration  must  be  given  to  the  selection  of  varieties  whether 
grown  for  home  use  or  for  market.  If  the  crop  is  grown  commercially  the 
market  requirements  must  be  known.  Eor  a  local  market  in  the  southern 
part  of  the  state  the  large  fruiting  sorts  such  as  Osage  (Miller's  Cream) 
and  Tip  Top  will  usually  be  satisfactory.    They  are  of  superior  quality 
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but  are  not  as  suitable  for  long  distance  shipments  as  are  some  of  the 
smaller  varieties.  In  selecting  varieties  for  the  home  garden,  quality 
comes  first.  The  early  maturing  varieties  must  be  selected  for  the  cooler 
parts  of  the  state. 

Emerald  Oem:  A  high  quality  extra  early  variety.  Fruits  medium 
size,  nearly  round,  heavily  ribbed.  Flesh  very  thick  and  salmon  in  color. 
Small  seed  cavity,  and  thin  rind.  Too  soft  to  ship  well,  but  because  of  its 
earliness  and  good  quality  is  well  suited  to  the  home  garden. 

Extra  Early  Hackensack:  A  light  green  flesh  melon  of  good  quality. 
Adapted  to  the  home  garden  and  suitable  to  ship.  Its  chief  merit  i«  early 
maturity. 

Paul  Rose,  or  Petoskey:  A  cross  between  Osage  and  Netted  Gem.  Of 
larger  size  than  Rocky  Ford  and  with  deep  orange  flesh.  Well  adapted  to 
shipping  in  baskets  or  crates. 

Rocky  Ford:  The  variety  that  has  made  Colorado  famous  as  a  melon 
gi'owing  state.  Flesh  green  and  when  grown  from  pure  seed  and  under 
good  cultural  conditions  is  of  fine  flavor.  It  is  very  uniform  in  size  and 
especially  well  suited  to  the  shipping  trade. 


Hoodoo. 

Hoodoo  or  ^^  Heart  so  j-Goldf'  This  variety  is  listed  under  the  name 
^*Hoodoo"  in  several  seed  catalogues.  It  is  grown  on  a  large  scale  near 
Benton  Harbor,  Michigan,  by  Mr.  R.  Morrell,  the  originator,  under  the 
name  of  "Hearts-of-Gold."  It  was  an  accidental  cross  found  in  a  field  of 
Osage  and  supposed  to  be  a  cross  between  Osage  and  Netted  Gem. 

The  vines  are  vigorous  and  productive.  Fruit  very  uniform  in  shape 
and  nearly  round.  The  netting  is  very  dense  and  fine,  extending  over 
practically  the  entire  surface.  The  rind  is  thin  but  firm.  Flesh  very 
thick,  salmon  iti  color,  of  fine  texture  and  superior  flavor.  An  excellent 
shipping  melon. 
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Osage  oi'  Millers  Cream:  A  popular  green  skin,  salmon  flesh  variety  of 
excellent  quality.  A  favorite  with  the  consumers  when  they  learn  to  know 
the  variety  and  its  superior  merit.  Somewhat  inclined  to  crack,  especi- 
ally when  the  soil  moisture  is  variable.  Well  suited  to  the  home  market 
and  home  garden. 


Osage. 


Tip  Top:  A  large  sized  salmon  flesh  melon  of  excellent  quality.  Ke- 
qnires  a  long  season  for  its  best  development. 

Seed  Selection 

Varieties  of  melons  may  be  improved  through  proper  seed  selection. 
When  saving  seed,  it  is  not  enough  to  select  the  best  melons  without  con- 
sidering the  vines  ui>on  which  they  grow.  For  profitable  melon  growing 
there  must  be  quantity  as  well  as  quality.  To  get  the  most  desirable 
seeds  they  should  be  saved  from  melons  taken  from  vines  which  produced 
a  large  number  of  fruits  of  uniformly  good  quality  and  most  nearly  the 
ideal  type.  The  character  of  the  adjacent  hills  should  also  be  taken  into 
consideration,  because  of  the  likelihood  of  crosses  having  taken  place. 
The  ability  of  the  plant  to  resist  disease  is  also  important.  Disease  resis- 
tant strains  may  be  developed  through  proper  and  careful  seed  selection. 
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Starting  the  Plants 

In  the  Greenhouse:  It  would  not  be  economy  to  build' a  greenhouse  in 
which  to  start  melon  plants,  but  growers  who  have  greenhouses  which  are 
used  for  other  crops  usually  make  use  of  the  houses  for  that  purpose. 

In  the  Hothed:  If  a  gr^nhouse  is  not  available  a  hotbed  is  usually  used 
in  which  to  start  the  melon  plants.* 


Watering  the  plants  In  the  hot  bed. 


In  the  Coldframc:  A  coldframe  is  similar  to  a  hotbed,  but  it  is  not  built 
as  permanent  and  manure  is  not  used  in  it  to  supply  heat.  When  covered 
with  glazed  sash  it  may  be  used  in  which  to  start  melon  plants.  It  may 
also  be  used  as  a  place  in  which  to  harden  off  the  plants  which  have  been 
started  in  a  greenhouse. 

Planting  the  Seed  and  Care  of  the  Plants 

The  most  common  practice  when  plants  are  started  under  glass  is  to 
plant  the  seeds  in  soil  placed  in  old  strawberry  baskets,  paper  or  clay 
pots,  or  dirt  bands.  Some  growers  use  inverted  sods  cut  into  squares  in 
which  to  plant  seeds.  The  soil  used  in  the  pots  or  dirt  bands  must  be  pre- 
pared with  much  care.  One  method  in  common  use  consists  of  composting 
sod  and  manure.    The  preparation  of  the  compost  heap  is  described  in 

*  FaU  instructionB  for  the  construction  of  a  hotbed  and  coldframe  can  be  found  in  Extension 
Circular  No.  20. 
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detail  in  Extension  Circular  No.  20.  Another  method  is  to  mix  well  de- 
composed stablff  manure  and  garden  loam  soil.  More  manure  should 
be  used  when  it  is  mixed  with  soil  than  is  necessary  when  it  is  composted 
with  sod.  In  either  case,  thorough  mixing  should  be  done  and  the  soil 
should  be  carefully  sifted  before  it  is  ready  for  use. 

Four  or  five  weeks  before  the  plants  can  safely  be  set  in  the  field  the 
melon  seeds  should  be  planted.  When  strawberry  baskets,  pots,  or  dirt 
bands,  are  used,  they  should  be  placed  close  together  in  the  greenhouse, 
hotbed,  or  coldframe,  and  filled  level  full  with  this  specially  prepared  soil 
and  then  compacted  by  pressing  it  with  a  piece  of  wood.  Unless  the  soil 
is  very  moist  it  should  be  watered  before  the  seeds  are  planted.  From  two 
to  four  seeds  are  placed  in  each  basket,  pot,  or  dirt  band,  and  covered 
with  not  more  than  one-half  inch  of  fine  loose  soil. 

The  temperature  in  the  greenhouse  or  hotbed  should  be  held  as  near  70  ° 
as  possible  at  night  and  on  cloudy  days  and  at  least  10°  higher  on  bright 


One  duy's  picking  of  Osage. 

days.  Apply  water  only  on  bright  days  and  early  in  the  day  so  that  the 
foliage  will  dry  before  night.  Do  not  allow  the  plants  to  become  dry 
enough  to  wilt,  nor  should  they  be  over-watered.  Give  ventilation  when- 
ever the  weather  permits. 

The  melon  plants  must  be  hardened  off  before  they  are  taken  to  the 
field.  This  may  be  done  in  the  greenhouse  by  keeping  the  ventilators  open 
wide,  and  in  the  hotbed  by  removing  the  sash.  If  a  coldf rame  is  available, 
it  is  a  good  plan  to  remove  the  melon  plants  from  the  greenhouse  to  the 
frames  a  few  days  before  they  are  to  go  to  the  field.  The  plants  are  easily 
injured  by  low  temperature  and  cold  wind. 

Preparing  the  Seedbed 

Some  growers  prefer  fall  plowing  while  others  practice  early  spring 
plowing.  In  either  case  the  soil  should  be  worked  as  early  as  can  be  done 
in  the  spring.    A  deep,  well  pulverized  seedbed  is  very  essential  for  the 
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growth  of  the  melon  plants.  It  is  not  advisable  to  plant  melon  seeds  oi* 
set  melon  plants  until  the  soil  has  become  warm  and  tht  danger  of  frost 
is  past.  Frequent  harrowing  from  the  first  working  until  the  seeds  are 
planted  or  the  plants  set  is  necessary  for  best  results.  Such  working  will 
not  only  put  the  soil  in  good  physical  condition,  but  will  destroy  a  good 
many  weeds  and  make  the  work  of  later  cultivating  much  easier. 

Fertilizing 

Manure:  Well  rotted  stable  manure  is  the  best  form  of  fertilizer  for 
melons.  Bulletin  No.  155  Illinois  Agricultural  Experiment  Station,  "Fer- 
tilizer Experiments  with  Muskmelons,"  gives  results  secured  by  the 
Illinois  Experiment  Station  and  the  manure  applied  broadcast  and  also 
in  the  hills  gave  the  largest  net  return.  When  used  in  the  hills  it  should 
be  well  composted  or  decayed. 

Commercial  Fertilizers:  It  is  usually  profitable  to  supplement  the 
manure  with  commercial  fertilizers.  A  4-8-10  formula  is  recommended  as 
one  which  may  be  used  profitably  on  most  soil  types  when  the  fertilizer 


A  wagouluad  of  Melons  ready  to  ship. 

can  be  purchased  at  normal  peace  time  prices.  If  clover  is  plowed  under, 
the  percentage  of  nitrogen  may  be  reduced.  From  500  to  1000  pounds 
per  acre  is  the  amount  used  by  growers  in  various  parts  of  the  country. 
Lighter  applications  may  be  made  when  manure  is  used  in  liberal  amount. 
When  a  heavy  application  of  fertilizer  is  made,  from  one-half  to  three- 
quarters  of  it  may  be  applied  broadcast  with  a  fertilizer  distributor  or  a 
grain  drill  with  a  fertilizer  attachment.  The  remainder  of  the  fertilizer 
should  be  applied  in  the  hills  and  thoroughly  worked  into  the  soil  before 
the  seeds  are  planted  or  the  plants  set.  Nitrate  of  soda  is  sometimes  ap- 
plied in  small  amounts  around  the  growing  plants,  but  it  must  be  used 
with  care  to  prevent  burning  the  foliage. 

Planting  the  Seeds  in  the  Field 

Melon  seeds  may  be  planted  in  the  field  a  few  days  before  it  is  safe  to 
set  the  plants.   Care  must  be  taken  to  drop  the  seeds  into  fine/  moist  soU, 
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If  the  soil  is  firmed  with  the  hoe  it  is  a  good  plan  to  draw  a  little  more 
soil  over  the  hills  after  the  firming  is  done.  It  is  well  to  plant  a  large 
number  of  seeds,  a  dozen  or  more,  in  each  hill  to  overcome  the  injury  or 
loss  from  cutworms  and  striped  beetles.  The  seeds  should  be  scattered  in 
the  hill,  as  there  is  less  chance  of  the  cutworms  destroying  all  of  the 
plants  than  when  they  are  planted  in  a  bunch.  It  is  also  a  good  plan  to 
make  two  or  three  plantings  a  few  days  apart.  This  will  insure  a  good 
stand  and  the  extra  cost  of  labor  and  seeds  will  not  be  large. 

Setting'  the  Plants 

When  the  plants  have  been  started  in  the  greenhouse,  hotbed,  or  cold- 
frame,  take  great  care  in  transplanting  not  to  disturb  the  roots  or  soil.  It 
is  easier  to  transfer  plants  stai-ted  in  sods  or  dirt  bands  without  injury 
than  when  they  are  started  in  clay  plots.  When  the  plants  are  taken  to 
the  field,  the  dirt  bands  are  lifted  by  means  of  a  spade  or  flat  shovel  and 


A  promising  field  of  Melons. 

placed  on  a  wagon  bed  with  a  level  bottom.  The  band  is  not  removed  niitil 
the  plants  are  in  the  hill,  where  they  are  to  remain,  and  the  soil  has  been 
drawn  up  closely  about  the  outside  of  the  band.  The  soil  should  be 
pressed  gently  about  the  plants,  but  not  packed  hard  enough  to  disturb 
the  roots. 

Spacing 

Muskmelons  are  planted  in  hills  or  drills.  On  light  soil  where  the  vine 
growth  is  not  heavy,  four  by  four  feet  will  be  sufficient.  On  richer  soils, 
five  by  five  feet  is  better ;  and  on  some  soils,  six  by  six  feet  will  not  be  too 
far  apart.  Some  growers  prefer  five  by  seven,  or  four  by  six  feet  spacing. 
When  the  melons  are  drilled,  the  rows  are  seldom  less  than  six  feet  apart, 
and  the  plants  from  one  to  two  feet  apart  in  the  rows.  One  plant  in  a  hill, 
as  well  as  each  plant  by  itself  in  the  drill,  is  the  more  common  practice. 
It  is  seldom  advisable  to  leave  more  than  two  plants  in  each  hill  after 
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the  vines  have  begun  to  form.    Some  growers  thin  to  one  plant  in  each 
pot  or  dirt  band  before  transplanting  to  the  field. 

Cultivation 

The  day  the  plants  are  set  the  cultivator  should  be  started.  Cultivation 
should  also  begin  as  soon  as  possible  when  the  seeds  are  planted  in  the 
field.  Few  crops  respond  as  readily  to  frequent  and  thorough  tillage  slb 
melons.  It  is  injurious  to  the  growth  of  the  melon  plants  to  allow  the 
formation  of  even  a  slight  crust  about  the  plants  unless  it  is  broken  very 
soon  after  forming.  The  cultivation  should  cototiDue  as  long  as  is  possible 
without  danger  of  injury  to  the  vines,  and  at  frequent  intervals.  After 
the  vines  have  begun  to  form,  the  cultivator  should  be  kept  at  a  safe 
distance  from  the  plants,  so  that  the  vinos  will  not  be  injured.  All  culti- 
vations, after  the  first  one  or  two,  should  be  shallow.  It  is  sometimes 
advisable  to  fasten  a  two  by  four  or  similar  piece  of  wood  to  the  back 
teeth  of  the  cultivator  tx)  keep  it  from  going  too  deei),  and  at  the  same 
time  to  leave  the  ground  level. 


Properly  packed  (below)  ;  poorly  packed  (above). 

In  some  sections  of  the  country  melon  growers  are  making  a  practice  of 
'*windrowing''  the  vines.  This  plan  permits  the  running  of  the  cultivator 
much  later  in  the  season  than  where  the  vines  are  allowed  to  spread  over 
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the  ground.    It  also  makes  the  spraying  and  picking  easier  and  there  is 
less  danger  of  damage  to  the  vines  by  tramping  when  picking. 

Harvesting 

When  the  melons  are  to  be  sold  on  a  local  market  they  should  be  allowed 
to  fully  ripen  on  the  vines.  The  stage  of  maturity  can  be  determined  by 
the  color  and  netting  of  the  skin  and  the  condition  of  the  stem  where  it 
connects  with  the  melon.  If  the  melon  separates  readily  from  the  stem  it 
is  considered  ripe.  When  the  melons  are  to  be  shipped  they  should  be 
picked  somewhat  sooner  than  is  advisable  for  local  trade.  It  requires 
experience  and  practice  to  tell  just  when  each  melon  is  ready  to  pick.  To 
secure  uniformity  of  ripeness  and  to  avoid  overripe  melons  the  vines 
should  be  gone  over  carefully  every  day.  A  half  bushel  basket  is  a  con- 
venient gathering  receptacle. 


A  good  setting  of  Osage. 


Preparing  for  Market 


Melons  should  be  graded  as  to  size  and  quality.    Hand  grading  is  done 
except  when  the  area  grown  is  very  large.    In  most  cases  three  grades  are 
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made.  The  size  for  the  various  grades  will  be  governed  largely  by  the 
kind  of  melon  grown.  Mr.  R.  Morrell  grades  his  "Hearts-of-Gold"  brand 
as  follows : 

"All  sizes  under  four  inches  in  diameter  are  culled  out.  All  melons  four 
inches  in  diameter  are  packed  in  standard  crates  which  have  12  by  12 
inch  heads  and  are  24  inches  long.  These  crates  contain  45  melons  when 
filled.    All  melons  iVz  inches  in  diameter  are  packed  in  flat  crates  with 


A  -Nest"  of  "Ilearts-uf-GoM.' 


Three  kinds  of  Melon  Packages. 
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^V2  ^y  13^^  inch  Leads  and  24  inches  long.  The  5  inch  grade  is  packed  in 
flats  with  5  by  15  inch  heads  and  24  inches  long..  The  two  sizes  of  flat 
crates  each  hold  15  melons. 

"To  grade  for  quality  all  imperfect  and  low  quality  melons  are  culled 
out  before  they  enter  the  grader.  All  sizes  are  of  as  nearly  uniform  good 
quality  as  is  possible  to  judge  of  them  from  outside  appearance.  Fre- 
quent cutting  tests  are  made  to  assist  in  determining  the  quality." 

The  picture  on  page  566  shows  the  kind  of  package  Mr.  H.  B.  Blandford 
uses  in  which  to  pack  Osage  melons.  This  illustration  also  shows  how 
important  it  is  to  pack  the  melons  regularly  and  systematically,  rather 
than  in  a  haphazard  way.  Climax,  or  similar  makes  of  baskets,  made  in 
different  sizes  but  usually  small,  are  commonly  used^  in  which  to  pack 
varieties  of  small,  average  size,  such  as  the  Rocky  For<^.  Bushel  baskets 
without  covers  are  frequently  used  in  which  to  handle  melons  for  local 
trade. 

Whatever  the  package,  it  is  important  to  grade  to  a  uniform  size  and 
good  quality.  Melons  which  have  no  flavor,  or  are  of  decidedly  inferior 
quality,  should  never  be  offered  for  sale.  Poor  melons  have  a  very  depress- 
ing effect  upon  the  market  demand.  When  a  grower  has  melons  of  good 
quality  and  grades  them  properly,  he  should  "brand"  the  packages  in 
which  they  are  shipped.  Selling  under  a  "trade  mark"  is  just  as  impor- 
tant for  the  melon  grower  as  for  the  manufacturer  or  for  any  other  class 
of  producers. 
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ANALYSES  OF  INSECTICIDES  AND  FUNGICIDES 


Special  Bulletin  No.  9f> 


BY  ANDREW  J.  PATTEN  AND  B.  P.  BEBGBR 

The  purpose  of  the  insecticide  law  (Act  254,  Public  Acts  1913)  is  to  pre- 
vent the  sale  of  misbranded  or  adulterated  materials  intended  for  use  in 
"preventing,  destroying,  repelling  or  mitigating"  insects  or  fungi  that  may 
infest  vegetation  or  "be  present  in  any  environment  whatsoever."  This 
applies  not  only  to  materials  used  in  spraying  fruit  trees,  vegetables,  etc., 
but  to  all  materials  or  mixtures  intended  for  combating  insect  pests  of  all 
kinds  wherever  found. 

All  lice  powders,  cattle  dips,  roach  exterminators,  smut  destroyers,  etc., 
come  under  the  requirements  of  the  law. 

The  law  provides  that  all  such  compounds  or  mixtures  must  bear  the 
name  and  address  of  the  manufacturer  and  also  the  "correct  names  and 
percentage  amounts  of  each  and  every  ingredient  of  the  insecticide  or 
fungicide  having  insecticidal  or  fungicidal  properties  and  the  total  per- 
centage of  inert  ingredients.."  The  law  further  provides  that  an  article 
shall  be  deemed  to  be  misbyanded  if  the  package  or  label  under  which  it  is 
sold  "shall  bear  any  statement,  design  or  device  regarding  such  article  or 
the  ingredients  or  substances  contained  therein  that  shall  be  misleading 
in  any  particular." 

COLLECTION  OP  SAMPLES 

One  hundred  sixty-eight  samples  were  collected  during  1917  and  1918  by 
official  inspectors  sent  out  by  the  Chemical  Section.  These  samples  rep- 
resent a  wide  range  of  materials  and,  for  the  most  part,  were  taken  in 
original  packages. 

During  1917  special  attention  was  given  to  proprietary,  smut  remedies 
and  formaldehyde  solutions.  In  1918  our  attention  was  turned  partic 
ularly  to  commercial  bordeaux  and  bordeaux-arsenate  preparations. 

CONCERNING  LIME-SULPUR 

The  use  of  lime-sulfur  solution  has  now  become  a  fixed  part  of  every 
fruit-grower's  program.  Long  ago  this  material  passed  from  the  experi- 
mental stage  and  for  several  years  it  has  been  regularly  used  both  as  a 
winter  and  summer  spray. 

Within  the  past  few  years  several  attempts  have  been  made  to  prepare 
a  substitute  for  the  solution  that  could  be  put  on  the  market  in  the  dry 
form.  The  first  of  these  preparations  to  appear  in  the  State  was  "Soluble 
Sulfur  Compound"  manufactured  by  the  Niagara  Sprayer  Co.,  Middle- 
port,  N.  Y.  This,  however,  is  not  a  lime  and  sulfur  combination  but  one 
of  sodium  and  sulfur.  Four  samples  analyzed  during  the  past  two  years 
show  an  average  total  sulfur  content  of  53.39  per  cent.  The  compound 
IS  fairly  readily  soluble  in  water  and  for  winter  spraying  should  give 
results  comparable  with  those  obtained  with  ordinary  lime-sulfur  solution 
11  used  iu  equivalent  strength.    It  cannot  safely  be  used  as  a  summer 
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spray  in  combination  with  lead  arsenate,  as  a  soluble  arsenate  is  likely  to 
be  formed  which  will  cause  burning  of  the  foliage. 

Later  Sherwin-Williams  Co.,  Cleveland,  Ohio,  placed  on  the  market  a 
dry  lime-sulfur  compound.  In  this  preparation,  sulfur  is  combined  with 
lime  in  the  same  ratio  as  it  exists  in  the  commercial  lime-sulfur  solutions. 
It  may  be  used  for  both  winter  and  summer  spraying.  The  average  of  four 
samples  analyzed  during  the  past  two  years  shows  52.42  per  cent  total 
sulfur. 

Both  of  these  preparations  have  been  widely  advertised  during  the  past 
two  or  three  years  and,  therefore,  demand  more  than  passing  notice.  The 
claim  is  made  by  the  manufacturers  that  10  to  14  pounds  of  these  dry 
preparations  dissolved  in  50  gallons  of  water  are  equivalent  to  614  gallons 
of  lime-sulfur  solution  testing  33°  Baume.  Let  us  see  if  these  claims  hold 
true. 

A  barrel,  or  50  gallons,  of  lime-sulfur  solution  testing  33°  Baume 
weighs  approximately  600  pounds  and  by  analysis  has  been  found  to  con- 
tain 26  per  cent  sulfur  and  10.50  per  cent  lime  (CaO).  Consequently  a 
barrel  of  such  solution  would  contain  156  pounds  of  sulfur  and  63  pounds 
of  lime  or  a  total  of  219  pounds  of  dry  matter.  In  other  words,  a  barrel 
of  lime-sulfur  solution  testing  33°  Baume  would  yield,  on  evaporation, 
approximately  219  pounds  of  dry  lime-sulfur.  Now.  6Vi  gallons  or  one- 
eighth  of  the  barrel,  would  contain  the  equivalent  of  27  pounds  of  dry 
lime-sulfur.  Since  the  commercial  dry  lime-sulfur  is  prepared  by  first 
making  the  solution  and  then  evaporating  the  water  it  is  not  reasonable  to 
believe  that  a  given  amount  of  the  dry  material  will  be  any  more  efficient 
when  dissolved  in  water  than  it  was  in  the  original  solutioh  before  the 
water  was  evaporated. 

The  process  of  making  the  dry  sodium-sulfur  compound  is  different 
from  that  employed  in  making  the  dry  lime-sulfur  but  since  it  contains 
practically  the  same  amount  of  sulfur,  the  same  number  of  pounds  should 
be  used  to  be  equivalent  to  614  gallons  of  solution  testing  33°  Baume. 

The  preceding  comparison  is  based  upon  the  assumption  that  the  dry 
preparations  will  be  entirely  soluble  in  water.  This,  however,  is  very 
seldom  true  'especially  if  the  packages  have  been  open  for  any  length  of 
time.  In  nearly  every  sample  examined  we  have  found  a  small  amount 
of  insoluble  residue  which  was  found  to  be  sulfur. 

It  is  now  generally  recommended  that  5i/^  gallons  of  33°  Baume  lime- 
sulfur  solution  be  used  for  dormant  spraying.  Based  upon  the  analyses  of 
several  samples  of  dry  preparations  26  pounds  should  be  used  in  50  gallons 
of  water  to  make  a  solution  of  equivalent  strength. 

The  dry  preparations  made  by  the  Niagara  Sprayer  Co.,  and  Sherwin- 
Williams  Co.,  have  been  taken  as  examples  of  the  two  most  common  sub- 
stitutes for  lime-sulfur  solution.  What  has  been  said  of  them  will  apply 
also  to  the  same  products  made  by  other  companies. 

In  addition  to  the  preparations  referred  to  in  the  foregoing  discussion, 
mention  should  be  made  of  the  product  known  as  "B  T  S"  manufactured 
by  the  General  Chemical  Co.,  New  York,  N.  Y.,  (formerly  Thomsen  Cham- 
ical  Co.).  Although  none  of  this  has  been  found  in  the  State  it  is  under- 
stood to  be  a  combination  of  barium  and  sulfur,  and,  as  in, the  foregoing 
cases,  its  efficiency  should  be  figured  on  the  basis  of  the  total  soluble 
sulfur. 
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LIMB-SULPUR  SOLUTIONS  AND  SOLUBLE  SULFUR  COMPOUNDS 


Manufacturer. 

Baume. 

Total  sulfur. 

Calcium 

No. 

Found. 

Guaran- 
teed. 

Found. 

Guaran- 
teed. 

poly- 
Rulflde. 

136 

Hazeltine   &    Perkins    Drug   Co- 
Grand  Rapids.  Mich . 

Imperial    Chemical    Co,.     Grand 
Rapids.  Mich 

San-O-Cide  Spray  Co,.  Fennv)lle. 
Mich 

31. 6» 
31.0** 
32. 4» 
32. 0« 

24.91 
24.79 
25.60 
25.75 

To 

% 
29.60 

168 

29.70 

160 

25 

30.65 

175 

South  Haven  Chemical  Co..  Sotith 
Haven.  Mich 

30.34 

DRY  PREPARATIONS 


Manufacturer. 

Baume. 

Total  sulphur. 

Sodium 

No. 

Found. 

Guaran- 
teed. 

Found. 

Guaran- 
teed. 

poly- 
sulflde. 

166 

Sherwin- Williams  Co,.  Cleveland. 
Ohio * 

% 
52.16 

58.72 

50.70 

50.55 

63.82 

58.94 

177 

Sherwin-Williams  Co..  Cleveland. 
Ohio 

*  63   13 

322 

Sherwin-Williams  Co..  Cleveland. 
Ohio 

49.73 

320 

Sherwin-Williams  Co..   Cleveland. 
Ohio 

• 

51.70 

415 

Detroit  White  Lead  Worlds.  Detroit. 
Mich, . ; 

70.74 

SOLUBLE  SULFUR  COMPOUNDS    ( SODIUM  POLYSULFIDES) 


No. 

Name  and  manufacturer. 

Baume. 

Total  sulfur. 

Sodium 

Found. 

Guaran- 
teed. 

Found. 

Guaran- 
tee. 

sS^e. 

128 

Sulfocide — B,  G,  Pratt  Co,.  New 
York   NY                     

41.2° 

% 
36.15 

54.45 

52.70 

53.17 

53.24 

% 
44 .  59 

187 

Soluble  Sulfur  Compound — Niagara 
Snraver  Co     Middlenort   N.  Y.    . 

48.92 

179 

Soluble  Sulfur  Compoimd — Niagara 
Sprayer  Co..  Middleport.  N,  Y., . 

Soluble  Sulfur  Compound — Niagara 
Sprayer  Co,.  Middleport.  N,  Y, . . 

Soluble  Sulfur  Compound — Niagara 
Sprayer  Co,.  Middleport.  N,  Y. . 



42.17 

318 

49.72 

344 

55.64 
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ARSENATES 

Arsenate  of  Lead  Paste.  Ten  samples  were  collected  and  analyzed. 
Only  one  sample  was  found  to  be  below  the  legal  standard.  Sample  155 
manufactured  by  the  Imperial  Chemical  Co.,  Grand  Rapids,  Mich.,  con- 
tained less  than  the  legal  amount  of  total  arsenic  oxide  and  more  than  the 
legal  amount  of  water  and  water-soluble  arsenic  oxide. 

Arsenate  of  Lead  Powder,  Thirty-one  samples  were  collected  and  ana- 
lyzed. There  is  no  legal  standard  set  for  dry  arsenate  of  lead  but  a  stand- 
ard corresponding  to  the  paste  form  would  be  as  follows :  Not  less  than 
25  per  cent  total  arsenic  oxide  (ASjOg)  and  not  more  than  1.50  per  cent 
water-soluble  arsenic  oxide  (ASjOo).  Sample  149  manufactured  by  the 
Imperial  Chemical  Co.,  Grand  Rapids,  Mich.,  is  the  only  one  found  to  be 
below  the  standard  for  total  arsenic  oxide  and  sample  153,  manufactured 
by  the  Corona  Chemical  Co.,  Milwaukee,  Wisconsin,  is  the  only  one  found 
above  the  standard  for  water-soluble  arsenic  oxide. 

Calcium  Arsenate.  Only  two  samples  of  calcium  arsenate  were  found 
although  five  samples  of  calcium  arsenate  with  lead  arsenate  were  secured 
and  analyzed.  It  is  interesting  to  note  that  in  the  samples  of  calcium 
arsenate  the  water-soluble  arsenic  oxide  is  greater  than  1.50  per  cent 
while  in  the  samples  containing  an  admixture  of  lead  arsenate  the  amount 
of  water-soluble  arsenic  oxide,  with  one  exception,  is  less  than  one-half 
of  one  per  cent. 


LEAD  ARSENATE  (pASTE) 


Manufacturer. 

Mo«8- 
tiu-e. 

% 
51.20 

60.10 
32.00 

48.80 
48.60 
44.33 
40.20 
64.20 
46  29 
49.88 

Lead 

oxide 

Arsenic  oxide  AstOt 

No. 

PbO 

Total. 

Soluble. 

Found. 

Guar. 

Found. 

Guar. 

Foimd. 

Guar. 

382 
112 

Ansbacher    Insecticide    Co- 
New  York.  New  York 

Dow  Chemical  Co..  Midland. 
Mich 

% 
31.34 

31.75 
63.86 

32.26 
33.88 
31.30 
39.40 
32.74 
32  66 
36.21 

% 

16^2 

16.27 
22.03 

16.97 
16.09 
17.04 
18.60 
10  98 
14  29 
12.38 

% 
16.00 

16.00 
15.00 

16.00 
16.00 
13.60 
16.00 
12.60 

0^10 

0.10 
0.26 

0.26 
0.19 
0.19 
0.19 
0.17 
0.63 
0.26 

% 
0.60 

161 

Dow  Chemical  Co.,  Midland. 
Mich 

0  76 

408 

Dow  Chemical  Co,.  Midland. 
Mich 

0  76 

134 

GrasselU     Chemical     Co, 
Cleveland.  Ohio 

364 

Grasselli     Chemical     Co.. 
Cleveland.  Ohio 

0  60 

411 

GrasselU   Chemical   Co.. 
Cleveland.  Ohio 

166 
372 
381 

Imperial  Chemical  Co,. 
Grand  Rapids.  Mich 

Fred    L,    Lavenburg.     New 
York.  N,  Y 

Sherwin-Williams  Co..  Cleve- 
land. Ohio 

1.00 
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LEAD  ARSENATE  (DBY  POWDER ) 


' 

Lead 

Arsenic  oxide  AstOs 

No. 

Manufactiiror. 

oxide 

Total. 

Soluble. 

PbO 

Found. 

Guar. 

Found. 

Guar. 

% 

% 

% 

% 

% 

173 

A 

.  N,  Y, .  . 

66.90 

28  50 

0.61 

174 

A 

,  N.  Y... 

63.94 

31.60 

0.84 

369 

A 

63.66 

33.10 

30  00 

0.42 

1.60 

153 

O 

5 

60.20 

33.67 

3.81 

163 

C 

3, 

66.00 

31.67 

30.00 

0.31 

6.50 

171 

C 

B 

67.60 

28.20 

0.36 

, . 

111 

C 

B 

66.35 

31.90 

0.17 

341 

C 

lis.  Mil- 

64.15 

32.75 

30.00 

.    0.27 

138 

D 

►lich 

64.18 

31.45 

30.00 

0.23 

1.00 

146 

D 

41ch 

63.92 

34.20 

1.08 

386 

D 

lich 

61.85 

32.18 

30.00 

0.38 

1.00 

182 

E 

^.  Y 

66.26 

29.00 

1.24 

183 

D 

isr.  Y 

66.70 

28.50 

0.71 

189 

E 

N.  Y...  . 

64.46 

30.90 

• 

1.44 

162 

E 

67.76 

29.05 

30.00 

0.31 

136 

G 

Jo 

66.12 

31  28 

30.00 

0.25 

0.65 

366 

G 

Jo 

64.28 

32.30 

0.27 

149 

I] 

67.06 

22.63 

1.10 

172 

I] 

64.34 

30.60 

0.35 

366 

Ti 

63.99 

30.93 

30.00 

0.85 

1.00 

348 

1^ 

s 

62.23 

31.87 

25.00 

0.45 

1.50 

147 

N 

Y 

64.48 

32.25 

30.00 

0.40 

1.00 

161 

^ 

Y 

63.28 

33.96 

0.10 

373 

N 

Y 

66.60 

29.45 

25.00 

1.09 

1.60 

160 

8 

o 

62.68 

32.99 

30.00 

.    0.32 

1.00 

176 

s: 

0 

64.62 

32.12 

0.31 

380 

s: 

0 

64.25 

33.30 

30.00 

0.28 

1.00 

160 

T 

65.76 
63.49 

32.30 
31.76 

31.00 
33.00 

0.17 
0.18 

1.00 

388 

0.75 

110 

V 

63.35 

33.30 

0.81 

CALCIUM  ARSENATE  AND  CALCIUM  ARSENATE  WITH   LEAD  ARSENATE 


Manufacturer. 

Calcium 
(Ca). 

III 

Arsenic  oxide  AstOs 

No. 

Total. 

Soluble. 

Found. 

Guar. 

Foimd. 

Guar. 

317 

NiMara    Sprayer 

Co..    Middleport. 

% 

% 

41   06 
43.60 
40.09 
40.00 
40.29 
18.26 
21.00 

42.0 

*19  9 
*19.9 

% 
2.55 

1.99 

0.38 

0.46 

0.09 

2.78 

0.26 

.0. 

76 

333 

NiMjara    Sprayer 

Co.,    Middleport. 

165 

NiMara    Sprayer 

Co..    Middleport, 

15.30 
15.36 
14.86 
15.20 

1.96 
1.68 
2.50 
2.32 
3   15 

168 

Ni^ara    Sprayer 

Co.,    Middleport. 

152 

Riches,  Piver  &  Co.,  Hoboken.  N.  J.  . . 

H.  .1.  Smith  &  Co.,  Utica.  N.  Y 

H.  J.  Smith  &  Co.,  Utica.  N.  Y 

131 
327 

t2 
t2 

13 
13 

•Calculated  from  guarantee  of  13%  metallic  As. 
fCalculated  from  guarantee  of  1.4%  metallic  As. 
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PARIS  GREBN 

Only  eight  samples  were  collected  and  analyzed,  all  of  which  were  found 
to  conform  to  the  legal  standards,  both  as  to  total  and  soluble  arsenious 
oxide  (ASgOg). 

Two  samples  of  "Bug  Finish"  manufactured  by  the  Michigan  Gypsum 
Co.,  Grand  Rapids,  Michigan,  and  one  sample  of  "Bug  Dope,"  prepared  by 
H.  J.  Smith  &  Co.,  Utica,  New  York,  are  included  in  the  table.  These  are 
mixtures  of  inert  materials,  such  as  gypsum,  and  a  small  amount  of  paris 
green  for  dusting. 

PARIS  GREEN 


Manufacturer. 

Weight. 

Arsenious 

oxide  AssOa. 

No. 

Total. 

Soluble. 

ssr' 

Foimd. 

Guar. 

Found 

Guar. 

(CuO) . 

376 

Corona    Chemical    Co.,    Milwaukee. 
Wis 

Oz. 
15.9 
4.2 

17.3 

or 
55.65 
55.90 

55..  75 

55.70 

55.60 

56.30 
66.40 

55.20 

% 
50.0 
50.0 

50.0 

50.0 

50.0 
50.0 

50.0 

% 
2.39 
1.50 

1.30 

1.49 

1.70 

1.50 
2.39 

1.60 

% 
3.50 
3.50 

3.50 

3.50 

3.50 
3.50 

3.50 

% 
30.23 

361 
388 

DeVoe  &  Raynolds.  New  York,  N.  Y. . 

Detroit  White  Lead  Works,  Detroit. 

Mich 

^9.92 
30.39 

157 

Imperial  Chemical  Co.,  Grand  Rapids 
Mich 

31.36* 

368 

Imperial  Chemical  Co.,  Grand  Rapids, 
Mich 

2.1 

4.0 
4.0 

8.8 

30.39 

389 

Imperial  Chemical  Co.,  Grand  Rapids, 

29.76 

349 
342 

Fred  L.  Lavenburg.  New  York.  N.  Y. . 

Sherwin  -  Williams    Co.,     Cleveland 

Ohio 

30.23 
30.86 

BUG  FINISH 


324 

The  Michigan  Gypsum  Co.,  Grand 
Rapids,  Mich 

0.52 
0.60 

193 

The  Sfichigan  Gypsum  Co.,  Grand 
Rapids.  Mich 

BUG  DOPE 


184 


H.  J.  Smith  &  Co.,  Utica,  N.  Y 


0.60 


CONCERNING  COMMERCIAL  BORDEAUX  MIXTURES  AND  BORDEAUX  ARSENATE 

MIXTURES 

During  the  past  few  years  there  have  appeared  on  the  market  an  in- 
creasing number  of  commercial  bordeaux  and  bordeaux  arsenate  mixtures. 
The  use  of  these  preparations  during  the  past  two  years  was  stimulated  by 
the  high  price  and  scarcity  of  copper  sulfate.  With  a  return  of  prices  to 
approximately  the  pre-war  level  it  may  be  interesting  to  compare  these 
commercial  products  with  the  home-made  preparations.  In  order  to  do 
this  it  is  necessary  to  take  into  consideration  two  factors,  namely,  the 
chemical  composition  and  physical  condition. 

Chemical  Composition.  The  fungicidal  value  of  bordeaux  mixture  is 
due  to  the  presence  of  copper.    The  strength  of  homemade  solutions  is 
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usually  expressed  in  terms  of  crystallized  copper  sulfate  or  blue  vitriol. 
The  formula  most  commonly  used  is  4-4-50  meaning  4  pounds  each  of 
crystallized  copper  sulfate  and  quick  lime  and  50  gallons  of  water. 

The  State  and  Federal  insecticide  laws  require  the  strength  of  commer- 
cial bordeaux  to  be  expressed  in  terms  of  metallic  copper.  This  means 
little  to  the  person  who  is  unfamiliar  with  the  chemical  relationships  in- 
volved. When  the  strength  of  the  commercial  bordeaux  mixture  is  ex- 
pressed as  metallic  copper  the  equivalent  amount  of  crystallized  copi)er 
sulfate  (blue  vitriol)  may  be  quickly  obtained  by  multiplying  the  percent- 
age of  metallic  copper  (Cu)  by  the  factor  3.93.  If  the  strength  is  ex- 
pressed as  copper  oxide  (CuO)  or  copper  hydroxide  (Cu(OH)2)  multiply 
by  the  factors  3.14  and  2.56  respectively.  The  result  obtained  will  repre- 
sent the  amount  of  crystallized  copper  sulfate  equivalent  to  guaranteed 
percentage  of  copper  in  the  various  forms  as  expressed  on  the  label.  To 
calculate  the  amount  of  copper  sulfate  in  the  spray  mixture  when  diluted 
and  ready  for  application,  multiply  the  percentage  of  copper  sulfate  as 
found  by  the  number  of  pounds  of  the  concentrated  bordeaux  mixture  to 
be  added  to  50  gallons  of  water. 

The  following  example  will  serve  to  illustrate  the  process  as  outlined. 
A  sample  of  commercial  bordeaux  mixture,  found  on  the  market,  was  guar- 
anteed to  contain  7.50  per  (?ent  copper  (Cu),  which,  multiplied  by  the 
factor  3.93  equals  29.48  per  cent  crystallized  copper  sulfate.  One  pound 
of  the  preparation,  therefore,  would  contain  0.2948  pounds  of  crystallized 
copper  sulfate.  The  label  recommends  that  8  pounds  of  the  mixture  be 
diluted  to  50  gallons  with  water.  The  amount  of  crystallized  copper  sul- 
fate in  the  50  gallons  of  diluted  spray  mixture  is  found  by  multiplying 
0.2948  by  8  which  equals  2.16  pounds.      - 

This  particular  bordeaux  mixture,  when  diluted  according  to  <lirections, 
would  give  a  spray  mixture  a  trifle  stronger  than  a  2-2-50  f ormiila. 

Knowing  the  price  of  crystallized  copper  sulfate  and  quick  lime  at  any 
given  point  the  actual  money  value  of  the  commercial  mixtures  can  easily 
be  calculated.  This,  of  course,  will  vary  in  different  localities  owing  to 
variations  in  the  prices  of  the  raw  materials. 

Physical  Condition.  The  second  factor  in  determining  the  value  of  com- 
mercial bordeaux  mixtures  is  their  physical  condition.  This  condition 
determines  the  spreading  and  sticking  properties  of  the  mixture  and  is 
measured  by  the  rate  at  which  the  suspended  material  settles.  A  well 
made  bordeaux  mixture,  will,  upon  dilution,  remain  in  suspension  a  long 
time  but  some  of  the  commercial  preparations  will  settle  almost  immedi- 
ately. The  commercial  preparations  will  be  found  to  vary  considerably 
in  this  characteristic.  Before  buying  any  quantity  of  commercial  bor- 
deaux this  test  should  be  applied  to  a  small  sample.  In  making  this  test 
the  dilution  should  be  made  in  the  same  proportion  as  recommended  on 
the  label  for  preparing  the  material  for  spraying. 

HOW   TO   CALCULATE   THE    STRENGTH    OF,  BORDEAUX-LEAD   ARSENATE    MIXTURE 

In  materials  of  this  kind  the  law  requires  the  manufacturer  to  guar- 
antee the  amount  of  lead  arsenate  both  total  and  water-soluble  in  terms  of 
metallic  arsenic  (As).    In  order  to  convert  this  into  lead  arsenate  (dry 
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form)  it  is  necessary  to  multiply  by  the  factor  0.  If  the  amount  of  lead 
arsenate  is  expressed  in  terms  of  arsenic  oxide  (ASaOs)  then  it  is  neces- 
sary to  multiply  by  the  factor  3.93. 

Example.  A  sample  of  Bordeaux-Lead  Arsenate  was  guaranteed  by  the 
manufacturer  to  contain  1.50  per  cent  copper  (Cu)  and  5.25  per  cent 
arsenic  oxide  (ASgOg).  Using  the  method  already  described  we  find  that 
the  mixture  should  contain  5.90  per  cent  crystallized  copper  sulfate  (1.50 
X  3.93=5.90)  and  20.64  per  cent  lead  arsenate  (5.25x3.93=20.64).  The 
manufacturers  recommend  that  8  pounds  of  this  particular  material  be 
diluted  with  water  to  50  gallons.  Therefore,  when  ready  for  spraying  the 
50  gallons  would  contain  0.47  pound  of  crystallized  copper  sulfate  (0.059 
X  8=0.47)  and  1.65  pounds  of  lead  arsenate  (0.2064x8=1.65).  The 
equivalent  amount  of  lead  arsenate  paste  is  approximately  double  that  of 
the  dry  form. 

As  previously  stated  the  formula  most  generally  recommended  for  mak- 
ing bordeaux  is  4-4-50  though  for  some  purposes  a  2-2-50  formula  may  be 
used.  When  it  is  desired  to  combine  an  insecticide  with  the  fungicide  lead 
arsenate  is  usually  employed  at  the  rate  of  2  to  5  pounds  of  the  paste 
or  1  to  21/^  pounds  of  the  dry  powder  to  50  gallons  of  the  diluted  bor- 
deaux mixture. 

As  a  general  rule  it  will  be  found  that  the  commercial  bordeau^- 
arsenate  preparations  do  not  contain  the  essential  ingredients  in  the 
proportions  that  have  been  found  by  practice  to  give  the  be^t  results.  The 
poison  is  usually  greatly  in  excess  of  the  fungicide  and  when  used  accord- 
ing to  the  usual  recommendations  of  the  manufacturei's  the  preparations 
could  hardly  be  expected  to  possess  veiy  powerful  fungicidal  powers. 


BORDEAUX  MIXTURES 


No. 

Manufacturer. 

Water. 

Copper  (Cu). 

Found. 

Guar. 

144 

PASTE. 

GrasselU  Chemical  Co.,  Cleveland.  Ohio 

% 

61.50 
61.50 
60.40 
53.50 
68.12 
61.50 
58.70 

% 

7.81 
7.67 
9.07 
6.76 
6.14 
9.61 
6.27 

10.48 

9.76 

10.65 

10.20 

7  50 

181 

Orasselli  Chemical  Co.,  Cleveland,  Ohio 

7  50 

410 
126 
371 

Grasselli  Chemical  Co.,  Cleveland.  Ohio 

Hammond  Paint  &  Slug  Shot  Works.  Beacon.  N.  J 

Imperial  Chemical  Co.,  Grand  Rapids.  Mich 

7.50 
5.60 

156 
180 

190 
367 

Imperial  Chemical  Co..  Grand  Rapids,  Mich 

Nitrate  Agencies  Co..  New  York  N.  Y 

DRY  FOWDERS. 

Corona  Chemical  Co..  Milwaukee.  Wis 

Imperial  Chemical  Co.,  Grand  Rapids.  Mich 

6.00 
6.00 

iido 

185 

Sherwin-Williams  Co.,  Cleveland,  Ohio,  "Pungi  Bordo*' 

186 

Sherwin-Williams  Co,,  Cleveland.  Ohio.  "Fungi  Bordo" 
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BORDEAUX- ARSENATE  MIXTURES 


No. 


Manufactuer  and  name. 


Water. 


Arsenic  (As) 


Total. 


Found.    Guar. 


Soluble. 


Found.    Guar. 


Copper  CCu) 


Found.    Guar. 


Lead 
oxide 
(PbO) 


326 
109 
194 
319 
195 
170 


409 

188 


139 
414 
413 


312 
323 
154 
191 
192 


AnabMsher  Imwcticide  Co..  New  York,  N.  Y. . 

"Adheao  Green  Ubel" 

"Adbeso  Green  Label" 

"Adheao  Green  Label" 

"Adbeso  Orange  Label" 

"Adheso  Orange  Label" 

"Adbeso  Orange  Label 


Bowker  Insecticide  Co.,  Boston,  Mass.: 

"Pyrox" 

"I^rrox" 


DBT  POWDSBS. 

Detroit  White  Lead  Workh,  Detroit,  Mich.: 

"Rogers  Leaded-Bordo" 

"Rogers  Leaded-Bordo" 

"Rogers  Potato  Spray" 


59.61 
57.50 
64.30 
56.79 
53.90 
63.50 


60.90 
64.40 


Sherwin-Williams  Co.,  Cleveland,  Ohio: 

•Tuber  Tonic" 

'Tuber  Tonic" 

'Tuber-Tonic" 

'Tuber-Tonic" 

"Insecto  Powder 


6.03 
6.68 
5.48 
7.09 
6.85 
5.86 


5.17 
4.17 


11.61 
12.48 
22.30 


24.55 
25.43 
22.49 
19.21 
12.01 


% 

5.50 
5.50 
5.50 
5.75 
5.75 
5.75 


3.42 
3.42 


12.00 
12.00 
24.00 


24.00 
24.00 


24.00 


% 

0.15 
0.12 
0.09 
0.07 
0.13 
0.15 


0.04 
0.09 


0.08 
0.11 
1.50 


1.63 
1.51 
0.5? 
2.53 
009 


0.50 
0.50 
0.50 


0  50 
0.50 
3.00 


3.00 
3.00 


3.00 


% 

3.96 
3.85 
2.46 
2.69 
4.10 
2.52 


3.19 
3.13 


3.60 
3.95 
20.63 


21.71 
22.02 
21.48 
23.18 
8.15 


4.00 
4.00 
4.00 
2.80 
2.80 
2.80 


1.50 
1.60 


4.00 


17.00 
20.70 
17.30 
15.36 
19.10 
18.20 


9.15 
16.60 


39.90 
36.32 


37.60 


TOBACCO  PRODUCTS 


Eleven  samples  of  tobacco  products  were  analyzed,  all  of  which,  with 
one  exception,  were  equal  to  or  exceeded  the  guarantee  for  nicotine. 


No. 


315 
332 
330 


133 
146 
314 
328 
125 


313 


329 
132 


Manufacturer. 


Carpenter-Udell  Chemical  Co.,  Grand  Rapids.  Mich 
"Imperjal  Nicotine  Solution" 

Grasselli  Chemical  Co..  Cleveland  Ohio: 

"Sulfate  of  Nicotine" 

Imperial  Chemical  Co..  Grand  Rapids.  Mich.: 
'imperial  Nictine  40'7 

Kentucky  Tobacco  Products  Co.,  Louisville,  Ky.: 

"Black  Leaf  40" 

"Black  Leaf  40" 

"Black  Leaf  40" 

"Nico-Fume  Liquid" 

"Nico-Fume  Liquid" 

Sterling  Chemical  Co.,  Cambridge,  Mass. : 

"Sterlingworth  Powdered  Tobacco" 

F.  A.  Thompson  &  Co.,  Detroit,  Mich.: 

"Rose  Nicotine" 

"Rose  Nicotine" 


Nicotine. 


Found.       Guar 


9  59 
16.41 
40.18 


40.03 
39.91 
40.41 
39.91 
40.11 


0.63 


10.32 
10.47 


10  00 


15.00 


40  00 


40.00 
40.00 
40.00 
40.00 
40.00 


10.00 
10.00 
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SMUT  BBMBDIBS  AND  FORMALDBHTDB  SOLUTIONS 

Special  attention  was  given  to  these  preparations  during  1917.  Several 
proprietary  compounds  were  on  sale  in  the  State  in  violation  of  the  in- 
secticide law  in  that  they  were  not  labelled  so  as  to  show  the  active  in- 
gredients. All  of  these  preparations  were  found  to  be,  essentially,  solu- 
tions of  formaldehyde  (formalin)  to  which  had  been  added,  in  some  cases, 
coloring  matter  or  one  or  more  of  such  materials  as  carbolic  acid,  copper 
sulfate,  aloes,  pix  liquida,  sodium  hydrate,  green  soap,  etc. 

The  claim  was  made  that  the  addition  of  these  materials  increased  the 
efficiency  of  the  formalin.  However  since  the  formalin  treatment  when 
properly  conducted  is  practically  100  per  cent  efficient  it  is  difficult  to 
understand  how  this  could  be  much  improved. 

The  attention  of  the  various  manufacturers  was  called  to  the  require- 
ments of  the  law  in  regard  to  the  labelling  and  it  appeal's  that  they  are  all 
now  complying  with  the  law  or  have  gone  out  of  business. 

Sixteen  samples  of  formaldehyde  solution  (formalin)  which  was  being 
sold  for  grain  treatment  were  collected.  Very  few  of  these  were  properly 
labelled  and  the  dealers  were  notified  to  comply  with  the  law  in  this  re- 
spect. The  names  of  the  manufacturers  of  the  various  samples  could  not 
be  obtained  and  in  the  following  table  the  dealer's  name  is  given. 

The  solution  of  formaldehyde  is  usually  sold  under  the  trade  name,  for- 
malin, and  is  supposed  to  be  of  40  per  cent  strength.  This  generally 
means  40  per  cent  by  volume  which  corresponds  to  36.8  per  cent  by  weight. 
The  results  in  the  following  table  are  given  in  per  cent  by  weight. 

Eight  of  the  samples  were  found  to  contain  more  than  36  per  cent  of 
formaldehyde  and  four  samples  contained  more  than  35  per  cent  but  less 
than  36  per  cent  formaldehyde.  Two  samples  were  less  than  34  and  more 
than  32  per  cent  formaldehyde  while  two  contained  less  than  30  per  cent. 
There  is  probably  no  very  great  difference  in  efficiency  between  formalde- 
hyde solutions  of  35  and  36  per  cent  formaldehyde  but  as  between  36  and 
30  per  cent  there  would  be  considerable  loss  of  efficiency. 
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Manufacturer  or  dealer  and  name. 

.  Formaldehyde. 

No. 

Found. 

Guar. 

335 

Anti  Smut  Chemical  Co.,  North  Adams.  Mich.: 
'*  Ant.i-8rnut**  -    - - 

26.87 
26.90 

31.85 
33.15 
33.65 
32.75 

*31.25 

30.05 
26.20 

36.25 

35.85 
35.50 
28.50 
36.55 
36.86 
32.14 
36.12 
35.71 
36.71 
36.89 
33.23 
36.96 
36.70 
35.53 
36.14 
29.92 

% 
35.00 

114 

"Anti-Smut" 

336 

Dr.  Lape  Veterinary  Co.,  Inc.,  Adrian,  Mich: 

**Dr.  T^ape'^  Sjnut  Desti^yflr" 

18.00 

140 

"Dr  Lai)e'-s  Smut  Destrover"              

337 

"fljnUtfiPe"          .            ,       r    -     r    -      r    -      -    -      ■, 

122 

"Smutene" 

35.00 

363 

Smut  Cure  Chemical  Co.,  Saline.  Mich.: 
"Smut  Kure"  .  r  .......  t  r 

357 

Chemical  Research  Co.,  Kalamazoo.  Mich.: 

**The  Original  Smut  Killer"          

196 

"The  Original  Smut  Killer" 

406 

Manufacturer  imknown,  Atlanta,  N.  Y.:  ; 

"Soorocide" .         .    .                       

390 

'                  i"  sold  by  C                                                           

391 

'                 i"  sold  by  H                                                         ds 

392 

i"  sold  by  "VI                                                         

393 
394 

i"  sold  by  J.                                                       

•                 i"  sold  by  A                                                         

395 

'                 i"  sold  by  H                                                         

396 

•                 i"  sold  by  H                                                         

397 

'                 i"  sold  by  B                                                         

398 

'                 i"  sold  by  Bi                                                        

399 

'                 i"  sold  by  E                                                           

400 

'                  i"  sold  by  J                                                            ... 

401 

*                 i"  sold  by  L(                                                          

402 

i"  sold  by  C                                                         

403 

i"  sold  by  P:                                                         

404 

'                 i"  sold  by  B                                                           ...... 

405 

i"  sold  by  A                                                         

*Al80  contains  1.86  per  cent  crystallized  copper  sulfate. 


Digitized  by 


Google 


EXPERIMENT  STATION  BULLETINS. 


579 


LICE  POWDERS 


Fifteen  samples  of  lice  powder  were  collected.  These  were  found  to  be 
mixtures  of  two  or  more  of  the  following  materials  with  an  inert  ingredi- 
ent as  a  base :  nicotine,  sulfur,  naphthaline,  pyrethrum. 


No. 

Manufacturer 

Nicotine 

Sulfur. 

Naph- 
thafin. 

Pyre- 

Found. 

Guar. 

Found. 

Guar. 

thnun. 

347 

0.  E.  Conkey  A  Co.,  Cleveland.  Ohio: 
"Conkey'8  lice  Powder" 

% 
0.27 

0.61 

Trace 
0.01 

Trace 

% 
0.10 

0.50 
0  01 

% 
16.91 

4.75 

41.71 

% 
15.85 

4.60 

3<M) 

Cypben  Inoubator  Co.,  Buffalo,  N.  Y.: 
•tJypher's  lice  Powder" 

Present 

343 

The  Fell  Mfg.  Co..  Cleveland,  Ohio: 
"Salvet  Lice  Powder" 

141 

J.  J.  Fleck,  Tiffin.  Ohio: 
"Fleok'B  lice  Powder" 

Dr.  Hees  A  Clark.  Ashland.  Ohio: 
Dr.  Heae'  Instant  Louse  Killer 

Present 
Present 
Present 
Present 

Present 

117 

118 

Inttfnational  Louse  KiU«    

3.75 

8.90 

63.00 

72.35 

29.85 

3.00 
9.00 

m 

Jones  The  Seed  Man.  Grand  Rapids: 
"Jones  Lice  Powder" 

0.41 

0.26 

338 

Dr.  Lape  Veterinary  Co.,  Adrian: 
"Dr  Lape's  Lice  Killer" 

34A 

Geo  H.  Lee  Co.  Omaha,  Neb.: 
"Lee's  Louse  Powder" 

30.0 

Present 

Present 

M'i 

Dr.  L.  D.  LeGear.  Medicine  Co.,  St.  Louis,  Mo.: 
"Dr  LeGear's  Lice  Killer" 

0.29 

0.90 
0.42 

0.76 

0.14 

046 

0.24 

%0 

Pratt  Food  Co..  Chicago,  HI.: 
"Pratt's  Lice  EUer     

Present 
Present 

Present 

119 

"Pratt's  Lice  KiHer" 

0.34 



Present 

358 

Wm.  Rust  A  Sons.  New  Brunswick,  N.  J. 
"Rust's  Lice  Killing  Powder" 

0.40 
0.15 
0.25 

9.35 
26.63 
10  90 

7.50 
23.00 
10  00 

353 

Dr.  David  Roberts  Veterinary  Co.,  Waukesha,  Wis.: 
"Diolice" 

Present 
Present 

340 

Zenner  Disinfectant  Co.,  Detroit: 
"Zenoleum  Lice  Powder" 

COAL  TAR  DIPS  AND  DISINFECTANTS 

These  preparations  form  emulsions  when  mixed  witli  water  and  are  gen- 
erally prepared  by  mixing  together,  with  gentle  heating,  a  mineral  oil 
containing  phenol  (crude  carbolic  acid)  and  rosin  soap  or 'a  mixture  of 
rosin  and  vegetable  soaps. 

These  preparations  are  used  in  the  west  as  sheep  dips  and  in  some  sec- 
tions as  a  spray  for  scale.  They  are  also  used  more  or  less  extensively  as 
lice  killers  and  as  disinfectants.  The  value  of  these  products  for  the  above 
purposes  is  chiefly,  though  not  entirely,  due  to  the  amount  of  phenol  pres- 
ent. A  glance  at  the  following  table  will  show  how  greatly  they  vary  with 
respect  to  the  amount  of  phenol. 
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No. 


Maniifacture^. 


Hydro- 
carbons. 

Pyrl- 
dene 
bases. 

Rosin 
adds. 

% 
62.50 
69.90 

% 
2.72 
2.53 

% 
18.20 
13.20 

49.70 

2.09 

15.50 

85.00 
73.40 

3.53 

46.60 

2.31 

14.90 

80.10 

3.20 

10.90 

Phenol. 


124 
116 


339 
115 
359 
356 
137 


Geo.  B.  Oonkey  Co.,  Oleveland,  Ohio: 

**Oonkey*8  Kox-I-Olde*' 

"Oonkey's  Ldce  liquid" 

Dr.  Hess  &  Olark,  Ashland,  Ohio: 
"Dr.  Hess  Dip  &  Disinfectant" 

Geo.  H.  Lee  Co..  Omaha,  Neb.: 
-Lee's  Lice  KiDer 

Wm.  Rust  &  Sons  Co..  New  Brunswick,  N.  J. 
*'Rust's  Mite  KiUer" 

United  Breeder  Co..  Chicago.  III.: 

•KlU  Gem  Dip" 

The  Zenner  Disinfectant  Co.,  Detroit: 
"Zenoleum" 


% 

9.50 
3.90 


14.70 
2.50 
9.75 

18.40 
4.00 


3791 
353 
127 
143 


MISCBLLANEOTJS  MATERIALS 

Bug  Death.  Manufactured  by  Danforth  Chemical  Co.,  Leominster, 
Mass.  Guaranteed  to  contain  Zinc  Oxide  47%,  Lead  Oxide  5%. 
Results  found : 


Number. 

Zinc  oxide 

% 

Lead  oxide 

% 

379 

61.28 
45.89 
44.58 
55.60 

3.74 

352 

9.89 

127 • 

12.69 

143 ... 

11.50 

384]  Hammond's  Slug  Shot.  Manufactured  by  Hammond  Slug  Shot 
370  [  Works,  Beacon,  N.  Y.     Guaranteed  to  contain  Sulfur  0% 

II3J  Copper  Sulfate,  1%,  Nicotine  trace,  Copper  Arsenite,  1.50% 

Crude  Carbolic  Acid  40%,  Inert  ingi^ents  91%. 

Results  found : 


Number. 

Nicotine. 

Sulfur, 

% 

Arsenic 
MetalUc. 

% 

Copper. 

384 

Present... 
Present... 
Trace .... 

6.13 
5.05 
5.65 

0.98 
1.00 
1.21 

Present 

370 

Present 

113 

Present 

321    Herman's  Calite.    Manufactured  by  Morris  Herrmann  &  Co.,  New 
York,  N.  Y. 

Found— Water,  69.20%,  Total  Arsenic,  11.57%; 
Soluble  Arsenic,  0.53%. 
Sample  is  Calcium  Arsenate  Paste. 
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362    London  Purple.    Manufactured  by  Hemmingway's  London  Purple 
Co.,  New  York,  N.  Y. 

Found— Total  Arsenic,  29.52% ;  Soluble  Arsenic,  9.91%. 
Sample  consists  of  Calcium  Arsenite,  23.82%  and 
Calcium  arsenate,  40.81%. 
378    Nichols  Bed  Bug  Powder.   Manufactured  by  Chas.  H.  Nichols  &  Co., 
Chicago,  nHnois. 

Guaranteed  to  contain  Quassia,  Angelica   root,  Eucalptus 

leaves,  Colocynith  and  Borax. 
Found  Sodium  Borate,  16.61%. 
377    Rose  Nicotine  for  Eoaches.   Manufactured  by  F.  A.  Thompson  &  Co., 
Detroit,  Michigan. 

Contains  89.90%  Sodium  Fluoride,  small  amount  of  Sugar  and 
Salt. 
142    Bug-i-cide.  Manufactured  by  Barrett  Chemical  Co.,  Chicago,  Illinois. 
Distills  between  45° -140°  C.    It  is  composed  of  kerosene  and 
light  oils  and  contains  red  coloring  matter. 
351     Peterman's  Discovery.    Manufactured  by  Wm.  Peterman,  Inc.,  New 
York,  N.  Y. 

Yellow  colored  liquid.    Specific  gravity  at  21°  C.    0.787. 
Flash  point  47°  C.    Tests  indicate  kerosene. 

354  "Dead  Stuck.''     Manufactured  by  The  Penn  Chemical  Mfg.  Co., 

Philadelphia,  Penn. 

Orange  colored  liquid.    Specific  Gravity  at  20°  C.    0.7415. 
Distillation : 

70°-100°  C.   4  per  cent,  odor  of  gasoline 

100°-130°  C.  64  per  cent 

130°-180°  C.  28  per  cent,  Flash  point  50°  C. 
Vapor  of  original  solution  will  ignite  at  room  temperature. 
A  mixture  of  gasoline  and  kerosene. 

374  A.  D.  S.  Bug  Killer.    Manufactured  by  American  Druggists  Syndi- 

cate, Grand  Bapids,  Mich. 

Red  solution.    Specific  gravity  at  21°  C.    0.799. 
Flash  point  48°  C.    DistiUed  between  150°  and  220°  C.    Has 
properties  of  kerosene. 

375  Xtermolene.    Manufactured  by  R.  M.  Hollingshead,  Camden,  N.  J. 

Green  liquid.    Specific  gravity  at  21°  C.    0.795. 
Flash  point  55°.    Has  properties  of  kerosene. 
384    Sterlingworth  Plant  Lice  Killer.    Manufactured  by  Sterling  Chem- 
ical Co.,  Cambridge,  Mass. 

Contains  44.9%  kerosene. 
121    Deth-Ant.    Manufactured  by  Grand  Rapids  Lawn  Ant  Destroyer, 
Grand  Rapids,  Mich. 
Specific  gravity,  1.25. 
Sample  is  carbon-di-sulfid  with  red  coloring  matter. 

355  Standard  Fly  Shy.    Manufactured  by  Standard  Chemical  Mfg.  Co., 

Omaha,  Neb. 

Specific  gravity  0.959. 
Distillation : 
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Teiiu>eratiire  range. 

Amount 
dlstlUed. 

% 

Spedflc 
gravity. 

% 

Color. 

1900-215*  C 

15 
8 
16.51 

12.5 
11.5 
11.02 
11.0 

0.769 
0.910 
0.930 
0.958 
0.950 
0.958 

YeUowi^ 

215*>-233<>C 

233«-260**  C 

YeUowlflh 
Yellowish 

260°-280*  C                             

YeUow<sh 

280^305**  C 

Yellowish 

305**— 330*  C 

Liigbt  orange 

330*-360*  C 

Deep  orange 

360°  C 

0.974 

Red  orange 

412    Sterlingworth  Whale  Oil  Soap  Kerosene  Emulsion.    Manufactured 
by  Sterling  Chiemical  Co.,  Cambridge,  Mass. 
Contains  51.2%  kerosene. 
129    Hammond's  Thrip  Juice.    Manufactured  by  Hammond's  Slug  Shot 
Works  Seacon  N  Y. 

Eosin  and  Soap  43.40%,  Nicotine  0.92%,  Potash  7.75%. 

334    Spray-NO'More  ^^Tree  Tablets/^    For  removing  San  Jose  scale  and 
Black  Knot  from  Trees.    "Used  any  season  of  the  year,  the  sooner 

the  better." 
Manufactured  by  Spray-No-More  Co.,  Ford  Market  Bldg.,  High- 
land Park,  Mich. 

The  user  is  directed  to  bore  a  hole  in  each  main  branch,  on  the 
upper  surface,  and  insert  a  tablet.    The  hole  is  then  to  be  closed 
by  a  plug  cut  from  the  same  tree. 
Results  of  analysis : 
Ash,  5.50  per  cent. 
Ether  extract,  2.38  per  cent. 
Color  of  ether  extract,  dark  green  with  strong  smell  of  pyre- 
thrum. 

The  analysis  indicates  that  the  tablets  are  composed  very  large- 
ly of  pyrethrum. 

Bitler^s  Red  Line  Tree  Life.    "For  trees,  shrubs  and  plants.    A  prepara- 
tion containing: 

Not  over  1.70  per  cent  arsenic 

Not  over  0.60  per  cent  copper 

Not  over  2.00  per  cent  sulfur 

Not  over  10.00  per  cent  calcium  oxide." 

Manufactured  and  guaranteed  by  W.  A.  Hitler,  Kokomo,  Ind. 

This  product  was  offered  for  sale  in  a  very  limited  way  during 
1917. 

An  analysis  of  the  product  gave  the  following  results :  . 

Water 71.60  per  cent 

Calcium  Oxide  (CaO) 9.70  per  cent 

Magnesium  Oxide  (MgO) 5.56  per  cent 

Sulfur  (S) 1.96  per  cent 

Lead  Oxide  (PbO) 1.45  per  cent 

Arsenious  Oxide  (AS2O3) 0.75  per  cent 

Arsenic  Oxide  (ASjOg) 1.83  per  cent 

Iron  and  Aluminum  (FejOa-AljOa) .  1.20  per  cent 

Carbon  dioxide  (COj) 1.41  per  cent 

Copper Present 
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The  preparation  appears  to  be  a  mixture  of  lime,  sulfur,  bordeaux  mix- 
ture, lead  arsenate,  and  possibly  pans  green  with  water. 

Misbranding  of  the  article  was  alleged  in  that  it  was  an  insecticide  and 
fungicide,  the  label  of  which  borje  statements  that  were  false  and  mislead^ 
ing.  The  Michigan  distributor  was,  therefore,  directed  to  discontinue  the 
sale  of  the  preparation. 
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Special  Bulletin  No.  97 


J.  p.  cox,  PROFESSOR  OP  FARM  CROPS 

During  the  past  twenty  years  alfalfa  has  commanded  more  interest 
in  Michigan  in  proportion  to  the  acreage  grown  than  any  other  forage 
crop. 

At  the  present  time  those  who  have  had  experience  with  growing  it 
are  fairly  well  divided  into  two  classes.  One  is  the  enthusiastic  group 
made  up  of  those  who  have  worked  out  successful  methods  of  handling 
this  crop,  and  who  have  grown  alfalfa  under  adapted  conditions.  These 
are  inclined  to  speak  in  glowing  terms  of  the  high  yield  of  hay  secured, 
its  superiority  for  feeding  purposes  and  the  value  of  alfalfa  in  improving 
the  land. 

The  other,  the  doubtful  or  pessimistic  group,  is  composed  of  those  who 
have  not  made  a  success  with  alfalfa  or  who  have  planted  it  under  condi- 
tions not  suited  to  its  growth.  They  are  often  equally  emphatic  in  stating 
that  alfalfa  cannot  be  considered  as  a  dependable  crop  for  Michigan. 

Through  the  experience  of  those  who  have  succeeded  and  those  who 
have  failed  in  alfalfa  growing,  the  production  of  alfalfa  has  at  the  present 
time  become  fairly  weH  stabilized.  Its  acreage  is  increasing  steadily  but 
slowly  each  year.  It  is  estimated  that  about  80,000  acres  were  seeded  in 
this  State  in  1918.  The  success  of  this  crop  rightly  handled,  and  the 
value  of  alfalfa  hay  as  a  feed  has  been  demonstrated  to  the  extent  that 
it  is  apparent  that  a  much  greater  acreage  of  alfalfa  is  warranted  in 
Michigan. 

Successful  crops  may  be  found  growing  on  soils  ranging  in  texture 
from  light  sands,  light  enough  to  blow,  to  heavy  clays  which  work  with 
difficulty.  Good  drainage  is  a  characteristic  of  all  soils  where  thrifty 
alfalfa  is  found. 

Alfalfa  fields  may  be  found  well  distributed  throughout  the  southern 
peninsula  and  in  certain  of  the  more  developed  upper  x)enin8ula  counties. 
This  crop  is  of  greater  value  in  the  older  farming  sections  and  has  no 
great  place  at  present  in  newly  cleared  sections  of  northern  Michigan 
where  June  grass  comes  in  with  surprising  vigor  and  clover  is  easily 
secured. 

Experience  has  shown  that  ordinary  methods  of  culture  which  may 
give  good  results  with  our  better  known  forage  crops,  cannot  be  de- 
pended upon  to  give  successful  results  with  alfalfa,  but  if  the  require- 
ments and  culture  of  this  crop  are  thoroughly  understood,  dependable 
and  profitable  returns  may  be  secured  under  a  wide  variety  of  soil  and 
climatic  conditions.  •  '  '     ; 

While  a  comparatively  few  farmers  located  on  favorable  soils  may 
secure  a  good  stand  with  little  efllort,  it  is  necessary  for  the  miijoriti/ 
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who  toish  to  grow  alfalfa  to  tmderstand  the  requirements  of  this  crop 
and  make  proper  preparations  'before  seeding. 

Increase  in  the  production  of  alfalfa  will  be  largely  in  proportion  to 
the  spread  of  accurate  information  r^;arding  the  proper  handling  of  this 
crop.  An  increased  alfalfa  acreage  will  insure  the  production  and  in- 
crease the  yield  of  leguminous  hay  so  necessary  in  feeding  economically. 


LESSONS  FROM  ALFALFA  GROWERS. 


A  study  of  the  methods  followed  by  those  who  have  succeeded  with 
alfalfa  establishes  the  fact  that  the  successful  growers  have  seeded  on 
sufficiently  well-drained  land,  properly  inoculated,  have  applied  lime  In 
some  form  in  sufficient  quantity  or  have  planted  on  land  high  in  calcium 
carbonate  (lime)  and  have  seeded  hardy  varieties. 

In  the  case  of  those  who  have  failed,  inquiry  will  bring  out  the  fact 
that  no  lime  was  used,  or  an  insufficient  amount,  inoculation  neglected, 
soil  improperly  prepared,  inferior  or  unadapted  seed  planted,  or  that 
exceptionally  adverse  weather  conditions  prevailed  after  planting,  or 
poorly  drained  soils  were  selected  to  receive  this  deep-rooted  crop. 

Those  who  will  inform  themselves  thoroughly  concerning  alfalfa,  and 
make  the  necessary  preparation  may  hope  to  secure  returns  approaching 
the  claims  of  the  alfalfa  enthusiast  but  it  is  equally  true  that  to  neglect 
any  of  the  essential  points  in  alfalfa  production  invites  disaster. 


SOIL  FOR  ALFALFA. 


The  best  fields  of  alfalfa  in  Michigan  are  located  on  well-drained  fertile 
loams  and  clay  loams,  though  many  excellent  fields  may  be  found  on  light 
sandy  and  gravelly  soils.  Good  drainage  is  of  the  utmost  importance, 
and  equally  important  is  the  calcium  carbonate  content.  On  very  heavy 
soils  and  muck  soils  alfalfa  often  heaves  badly  during  the  winter,  and 
unless  tile-drained,  good  stands  cannot  be  retained  on  these  soils. 

Only  soils  which  contain  limestone  pebbles,  or  which  are  known  to 
be  high  in  lime  may  be  safely  seeded  to  alfalfa  without  liming.  While 
fields  of  a  smooth  contour  are  best  adapted  from  a  hay-making  stand- 
point, one  of  the  advantages  of  alfalfa  is  that  good  returns  can  often  be 
secured  from  rough  land.  It  is  difficult  to  get. a  stand  on  soils  deficient 
in  organic  matter  and  the  growing  of  green  manure  crops  or  application 
of  a  dressing  of  manure  may  be  necessary.  Once  established,  alfalfa  will 
grow  vigorously  under  such  conditions  much  to  the  improvement  of  ithe 
land. 
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LIMING  THE  LAND  FOR  ALFALFA. 


Attempts  to  secure  a  successful  stand  of  alfalfa  without  applying 
ground  lime,  stone,  marl,  beet  factory  lime,  or  some  form  of  agricultural 
lime  in  sufficient  amounts  on  soils  needing  lime,  are  alniost  sure  to  result 
in  costly  failures.  Only  on  these  soils  where  limestone  gravel  is  notice- 
able, or  where  an  ample  amount  of  calcium  carbonate  is  assured  should 
alfalfa  be  attempted  without  lime. 

Applications  of  lime  should  be  made  the  year  previous  to  planting 
alfalfa  if  possible,  or  if  not,  at  the  time  of  preparing  the  seed  bed.  Two 
tons  of  ground  limestone,  or  several  cubic  yards  of  marl,  or  beet  factory 
lime,  or  one  and  one-half  tons  of  hydrated  lime  is  recommended.  Finely 
ground  limestone  can  be  secured  in  quantity  at  all  points  reached  by 
rail  in  Michigan.  Marl  can  be  found  in  large  deposits  in  most  Michigan 
lake  regions,  and  where  it  can  be  conveniently  dug  out  and  hauled  it 
furnishes  an  excellent  supply  of  effective  calcium  carbonate  for  use  in 
applying  previous  to  seeding  alfalfa.  Neighborhood  cooperation  in  buy- 
ing ground  limestone  by  the  carload,  or  in  getting  marl  in  quantity  will 
greatly  lessen  the  cost  of  liming. 

The  practice  of  digging  out  sufficient  marl  in  the  fall  when  the  water 
level  is  low,  throwing  it  up  on  firm  land,  or  bringing  under  cover,  is  an 
economical  and  practical  way  of  obtaining  a  supply  in  condition  for 
easy  application.  The  marl  drains  and  mellows  under  winter  action, 
and  can  be  applied  with  lime-spreader  or  manure-spreader  or  shovelled 
from  wagon  during  late  winter  or  early  spring.  Michigan  Experiment 
Station  Bulletin  No.  91,  by  Professor  M.  M.  McCool,  gives  complete  in- 
formation on  liming  the  land,  and  can  be  secured  on  request  from  Director 
R.  S.  Shaw,  Experiment  Station,  East  Lansing,  Michigan. 


PHOSPHATES  GIVE  GOOD  RETURNS. 


Phosphates  give  excellent  returns  when  applied  to  alfalfa,  either  at 
time  of  planting  or  as  a  top  dressing.  The  effect  of  phosphorus  is  much 
greater  on  properly  limed  land.  From  200  to  250  pounds  of  acid  phos- 
phate, acidulated  bone  meal,  or  ammoniated  phosphate  or  800  to  1,000 
pounds  of  finely  ground  raw  rock  phosphate  or  floats  will  give  valuable 
returns  in  increased  yields.  The  majority  of  Michigan  soils  are  deficient 
in  phosphorus  and  applications  of  fertilizers  carrying  this  element  not 
only  benefit  the  alfalfa  but  markedly  improve  the  following  crops.  A 
discussion  of  the  use  of  phosphorus  on  Michigan  soils  is  given  in  Popular 
Bulletin  No.  284,  Michigan  Agricultural  Experiment  Station. 
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THE  PREPARATION  OF  THE  LAND  FOR  ALFALFA. 


Alfalfa  seed  starts  best  on  a  firm  seed  bed.  Cultivated  crops  such  as 
corn,  beans,  potatoes  or  beets  usually  leave  the  land  in  a  clean  condition 
readily  shaped  for  alfalfa. 

If  the  land  is  not  sufficiently  free  from  weeds  and  grass,  fall  or  early 
spring  plowing  is  necessary  and  frequent  use  of  the  disc  or  spring-tooth 
or  spike- tooth  harrow  at  intervals  of  a  week  or  ten  days  until  weeds 
and  grasses  are  conquered  is  advisable.  If  the  ground  is  clean,  thorough 
discing  is  sufficient.  Just  before  seeding,  the  land  should  be  rolled  so  as 
to  compact  firmly.  On  soils  which  are  deficient  in  organic  matter,  appli- 
cations of  well-rotted  manure  in  sufficient  amounts  should  be  made,  or 
the  content  of  humus  increased  by  turning  under  clover,  vetch  and  rye, 
sweet  clover  or  other  green  manuring  crop. 


Alfnlfn  seod  starts  best  in  a  firm  clean  seefl  b«Ml.     A  mpllow  stHMl  bod  must  be  firmly   coni- 

pnotwl  with  the  roller. 


PLANTING  ALFALFA. 


While  the  best  and  most  persistent  stands  of  alfalfa  are  secured  by 
seeding  alone  without  a  companion  crop,  on  cultivated  lands  free  from 
weeds  and  grass,  it  has  been  demonstrated  in  numerous  instances  that 
on  soils  of  average  fertility,  if  well-drained  and  free  from  weeds  and 
grasses,  successful  stands  of  alfalfa  may  be  secured  by  seeding  in  the 
spring  with  barley,  oats  or  buckwheat  and  occasionally  with  wheat  or 
rye.  A  better  growth  of  alfalfa  will  be  secured  by  using  only  one  bushel, 
or  less  of  barley  or  oats  per  acre,  or  of  fall  seeded  grain,  or  one  peck 
of  buckwheat.  On  light  soils  inclined  to  blow  a  half  bushel  of  barley, 
oats  or  spring  rye  or  one  peck  of  buckwheat  seeded  as  a  companion 
crop  will  prevent  injury  from  blowing  sand.     Barley  is  best  suited  as 
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a  companion  crop  for  alfalfa  since  it  requires  less  moisture  per  pound 
of  dry  matter  produced  than  any  other  grain  crop.  It  must  be  kept  in 
mind  that  growing  with  spring  grains  at  average  rates  of  seeding  will 
hinder  rather  than  help  alfalfa,  and  that  it  is  in  spite  of  the  companion 
crop  rather  than  because  of  it  that  good  stands  are  secured  when  planted 
with  these  improperly  termed  "nurse  crops.''  During  dry  seasons,  cut- 
ting oats  or  barley  early  for  hay  will  greatly  benefit  the  alfalfa  seed- 
ing. A  light  seeding  of  grains  made  with  early  spring  planting  may  be 
of  greater  benefit,  however,  than  weed  growth  which  is  likely  to  occur 
on  seed  beds  not  thoroughly  clean. 

Best  results  can  often  be  secured,  though  at  somewhat  greater  ex- 
pense, by  working  the  seed  bed  thoroughly  until  late  May  or  early  June, 
and  planting  without  a  companion  crop.  If  ground  is  very  weedy  or 
grassy  it  may  be  advisable  to  continue  discing  and  harrowing  until  late 
June  or  mid-July,  seeding  only  when  seed  bed  is  fairly  free  of  these  pests. 
Since  alfalfa  will  occupy  the  land  for  from,  four  to  six  years  or  more, 
greater  exx>ense  and  time  is  warranted  in  preparation  than  in  the  case 
of  annual  crops.  In  southern  Michigan  seedings  are  made  as  late  as 
early  August,  but  exi)eriments  show  that  the  latter  part  of  July  is  about 
the  latest  date  when  seedings  can  be  made  with  safety.  In  north  central 
and  northern  Michigan  seedings  should  not  be  made  later  than  early 
July. 

Experiments  on  the  Station  Plats  at  East  Lansing  to  determine  the 
effect  of  seeding  at  various  times  with  various  companion  crops  has  indi- 
cdted  that,  whileisuccessful  results  can  be  secured  with  companion  crops, 
slightly  better  stands  are  secured  by  seeding  alfalfa  alone. 

Early  spring  seedings  after  cultivated  crops,  either  with  or  without 
companion  crops,  have  the  advantage  of  an  assured  supply  of  moisture 
for  early  growth.  Seedings  made  in  summer  give  ample  time  for  thorough 
preparation  of  the  seed  bed. 


SEEDING  ALFALFA  AFTER  EARLY  CASH  CROPS. 


Such  crops  as  early  potatoes,  sweet  com  and  canning  peas  usually 
leave  the  land  in  excellent  condition  for  seeding  alfalfa.  After  early 
potatoes  the  land  should  be  harrowed  and  rolled  before  seeding.  After 
peas  and  sweetcorn  the  land  can  be  prepared  best  by  discing.  If  these 
crops  are  harvested  before  late  July,  alfalfa  may  be  planted  with  a  fair 
degree  of  safety.  A  good  return  may  be  secured  from  the  land,  and 
alfalfa  seeded  the  same  season. 

Seedings  made  in  early  spring  with  peas  at  time  of  planting  are  also 
frequently  successful.  The  practice  of  seeding  in  standing  com  at  last 
cultivation  is  usually  unsatisfactory,  but  in  years  when  rainfaU  is  plen- 
tiful after  seeding  and  autumn  is  favorable,  good  stands  may  result. 

Vetch  seeded  at  rate  of  10  or  15  pounds  at  time  of  seeding  alfalfa 
will  give  a  much  greater  first  cutting  than  alfalfa  alone.  The  vetch  dis- 
a  ppears  after  the  first  cutting. 
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SEEDING  IN  PASTUEE  MIXTURES. 


It  is  a  good  practice  to  include  a  pound  or  so  of  inoculated  alfalfa  seed 
in  all  pasture  and  meadow  seedings.  The  value  of  the  pasture  is  in- 
creased and  the  presence  of  occasional  vigorous  plants  in  following  years 
indicate  the  areas  of  fields  adapted  to  alfalfa^  and  will  aid  in  insuring 
thorough  inoculation  of  these  areas^  so  that  when  seeded  entirely  to 
alfalfa,  the  soil  will  carry  the  proper  bacteria  for  nodule  formulation. 


THE  RATE  OF  SEEDING. 


The  amount  of  seed  which  has  given  success  ranges  from  ten  to  twenty 
pounds  per  acre.  Where  planted  under  excellent  conditions  if  seed  is 
of  high  germination,  ten  to  twelve  pounds  will  give  a  sufficient  stand. 
Since  these  conditions  cannot  always  be  secured  it  is  usually  advisable 
to  use  fifteen  pounds  per  acre. 


THE  SEED  TO  PLANT. 


The  varieties,  or  strains  of  alfalfa  best  adapted  to  Michigan  are  varie- 
gated strains  such  as  the  Grimm,  Baltic  and  Cossack.  Regional  strains  of 
common  alfalfa  which  have  produced  seed  for  a  number  of  years  in  north- 
ern states  or  regions  of  similar  climatic  conditions  rank  next  in  value. 
The  U.  S.  imports  annually  a  large  amount  of  Turkestan  seed.  Plants 
from  this  seed  are  extremely  short  lived  under  Michigan  conditions. 
Fortunately,  this  seed  is  characterized  by  the  appearance  of  the  white 
seeds  of  the  Russian  nap  weed,  a  tooth-shaped  seed  somewhat  larger 
than  alfalfa  seed,  and  chalky  white  in  color  which  makes  it  easily 
recognizable.  Such  seed  does  not  prove  successful  in  Michigan.  Per- 
uvian and  Arabian  seed  is  imported  in  considerable  amounts,  chiefly  for 
growing  in  southern  California  and  the  Gulf  States.  This  seed  produces 
plants  which  are  adapted  only  to  mild  climates  and  which  are  short-lived 
under  our  conditions. 

At  the  present  time  there  is  not  sufficient  Grimm,  Baltic,  and  Cossack 
alfalfa  produced  to  supply  the  market  demands.  A  large  part  of  the 
alfalfa  planted  in  Michigan  must  be  common  alfalfa,  produced  in  the 
United  States.  Those  ordering  seed  should  insist  on  knowing  the  locality 
in  which  it  was  produced,  and  should  secure  American  grown  seed,  pre- 
ferably from  the  northwest  or  grown  no  farther  south  than  Kansas. 

The  variegated  strains  such  as  Grimm,  Baltic  and  Cossack  are  char- 
acterized by  closely  set  and  branching  crowns,  and  by  greater  develop- 
ment of  roots  with  a  tendency  toward  branching.    This  type  of  crown 
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Alfalfa  on  farm  of  Mr.  John  Hull  of  Dimondale,  showinflr  difference  between  Grimm  and 
Common  Alfalfa.  County  Agent,  Farrand  (left)  standing  in  the  Grimm  and  Mr.  Hull  (right) 
standing  at  the  edge  of  it,  but  in  the  common  alfalfa.  Picture  fallen  June  8,  1918,  by 
Dr.  Ebon  Muniford. 

and  root  does  not  heave  or  winter-kill  as  badly  as  the  straighter  rooted 
and  higher  crowned  common  alfalfa. 

These  variegated  strains  are  crosses  of  the  ordinary  purple  llowered 
alfalfa  (Medicago  sativa)  and  the  hardier,  though  smaller  yellow-flower- 
ed sickle  alfalfa  (Medicago  fae  cata).  A  variety  of  colors,  purple  cream, 
yellowish,  etc.,  appears  in  the  bloom.  Common  alfalfa  is  purple  or  blue 
flowered. 

The  great  advantage  in  northern  strains  is  not  always  apparent  during 
the  first  or  second  year,  but  usually  shows  markedly  in  the  superior 
yield  produced  from  these  strains  during  subsequent  years. 

Seedsmen  are  already  quoting  prices  on  Michigan  grown  seed,  and 
report  the  production  in  Michigan  of  between  one  hundred  and  two 
hundred  buvshels  in  1918.  While  this  is  a  small  start,  the  fact  is  demon- 
strated that  the  production  of  alfalfa  seed  is  possible  commercially 
under  our  conditions. 

The  work  of  Plant  Breeder,  F.  A.  Spragg,  Michigan  Agricultural 
College,  has  demonstrated  that  large  yields  of  seed  can  be  secured  with 
fair  dependability  under  Michigan  conditions,  and  indicates  that  there 
are  great  possibilities  in  the  development  of  seed  producing  strains, 
particularly  on  light  soils. 

As  a  general  rule,  the  second  crop  is  taken  for  seed.  One  of  the  chief 
I'easons  why  seed  production  has  not  been  more  extensive  is  that  most 
farmers  growing  alfalfa  prefer  to  secure  the  second  crop  for  hay  with 
a  chance  for  a  third  crop.  If  allowed  to  go  to  seed  the  second  cutting, 
and  usually  the  third   is  lost  for  hay  purposes.     A  yield,  however,  of 
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Ilanestlng  alfalfa  nursery  at  M.  A.  C.  Plant  Breeder  F.  A.  Spragg  has  developed  several 

promising  seed  strains. 

two  or  three  bushels  of  seed  per  acre  will  often  more  than  pay  for  the 
sacrifice  of  the  hay.  Michigan  alfalfa  growers  should  willingly  pay  more 
for  this  seed. 

Higher  yields  of  seed  can  be  secured  by  planting  at  the  rate  of  two 
to  four  pounds  per  acre  in  rows  twenty-one  inches  apart,  and. cultivat- 
ing during  the  first  season.  Without  doubt,  alfalfa  production  in  Michi- 
gan would  be  on  a  much  more  stable  footing  were  an  ample  supply  of 
native,  adapted  seed  produced  within  the  State.  In  favorable  seasons 
for  seed  production,  old  stands  which  have  become  thin,  will  seed  fairly 
profusely  and  may  be  most  profitably  handled  as  a  seed  crop. 

In  ordering  alfalfa  seed  for  planting  in  Michigan,  insist  upon  seed  of 
American  origin,  or  produced  under  conditions  similar  to,  or  more  rigor- 
ous than,  those  existing  in  Michigan.  Seed  from  Minnesota,  the  Dakotas, 
Montana  and  Idaho  or  native  grown  is  best  adapted.  The  State  Seed 
Analyst,  East  Lansing,  Michigan,  will  make  a  complete  analysis  of 
samples  submitted  at  a  charge  of  twenty-five  cents  per  sample.  Inspec- 
tion is  made  free  of  charge. 


SECHIRING  INOCUliATION. 


Inoculation  is  necessary  on  soils  where  successful  stands  of  alfalfa  or 
sweet  clover  have  not  been  grown  previously.  If  plants  of  thrifty,  well- 
established  alfalfa  are  carefully  dug  up  and  the  roots  gently  washed  free 
of  soil,  small  nodules  will  be  found  singly  or  in  clusters  on  the  roots. 
These  nodules  are  the  homes  of  countless  nitrogen  gathering  bacteria, 
and  through  their  aid  the  alfalfa  plant  is  able  to  make  use  of  atmospheric 
nitrogen.  The  bacteria  found  on  alfalfa  and  sweet  clover  are  similar  and 
are  interchangeable,  but  those  found  on  clovers  and  other  legumes  are 
not  suitable  for  inoculating  alfalfa.  On  soil  rich  in  nitrogen  alfalfa  may 
make  a  fairly  successful  growth  without  inoculation,  feeding  on  soil 
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nitrogen,  but  for  greatest  success  and  in  order  to  benefit  the  soil,  thorough 
inoculation  is  necessary. 

The  most  convenient  way  of  insuring  the  presence  of  these  bacteria  in 
soils  from  which  they  are  probably  absent  is  the  culture  method.  Small 
bottles  of  pure  culture  for  alfalfa  inoculation  can  he  secured  from  the 
Department  of  Bacteriology,  Michigan  Agricultural  College  at  twenty- 
five  cents  per  hottle.  One  bottle  is  sufftcient  for  a  bushel  of  seed.  In 
ordering,  mention  the  date  when  you  desire  to  make  your  seeding  and 
fresh  culture  will  be  forwarded  for  that  date.  Directions  for  use  ac- 
company the  bottle. 

Another  method,  possibly  more  effective  though  not  as  convenient,  is 
the  soil  inoculation  method.  Soil  is  taken  from  a  field  of  thrifty,  well- 
inoculated  alfalfa  or  sweet  clover  from  a  layer  just  beneath  the  surface 
to  a  depth  of  four  inches.  It  is  best  to  shovel  aside  about  one  inch  of  sur- 
face and  take  for  use  a  layer  from  one  to  four  inches  in  depth.  This 
soil  should  not  be  exposed  to  sunlight,  and  if  somewhat  wet,  may  be 
put  in  condition  by  spreading  out  to  dry  in  a  cellar,  on  a  bam  floor, 
or  in  a  shaded  room  where  sunlight  will  not  injure  the  bacteria.  When 
in  condition,  this  should  be  spread  broadcast  or  applied  through  fertilizer 
attachment  or  driU  in  the  evening,  or  on  a  rainy  or  dark  day,  following 
immediately  with  harrow  to  cover  the  newly  applied  soil,  unless  a  gentle 
rain  should  follow,  or  it  may  be  applied  at  time  of  seeding  through  the 
fertilizer  attachment.  Applied  through  fertilizer  attachment  several 
hundred  pounds  per  acre  of  inoculated  soil  is  sufficient.  To  secure  even 
distribution  by  broadcasting,  a  wagon  load  or  more  is  needed. 

Once  a  field  is  successfully  inoculated,  it  appears  that  inoculation  will 
remain  for  many  years  provided  soil  conditions  remain  favorable.  How- 
ever, in  view  of  the  ease  of  inoculating  it  is  advisable  to  make  sure  and 
to  inoculate  the  seed  or  soil  when  planting  on  soil  which  has  not  grown 
alfalfa  successfully,  or  not  for  a  long  period. 


THE  CARE  OF  ALFALFA  MEADOWS. 


During  the  first  season,  in  the  case  of  spring  or  early  summer  plants 
alfalfa,  the  growth  of  pigeon  grass  and  weeds  may  be  sufficient  to  war- 
rant clipping.  In  this  case  the  mower  bar  should  be  set  high,  six  or 
eight  inches,  so  as  to  clip  as  little  of  the  alfalfa  as  possible,  and  the 
clippings  allowed  to  lie  on  the  ground.  It  is  seldom  that  sufficient  growth 
is  made  to  warrant  making  a  hay  crop  the  first  season.  If  a  growth  of 
a  foot  or  more  is  secured  it  is  advisable  to  clip  in  late  summer  with  the 
mower  bar  set  high  allowing  the  clippings  to  lie  on  the  ground.  Clip- 
ping is  also  advisable  when  leaf  spot,  a  fungous  disease  of  alfalfa,  causes 
the  leaves  to  turn  decidedly  yellow  and  begin  to  drop.  Pasturing  should 
not  be  permitted  during  the  first  season.  On  areas  of  the  field  which 
are  particularly  exposed,  or  where  winter-killing  is  likely  due  to  poor 
drainage  or  lack  of  organic  matter  the  application  of  light  dressings  of 
weU  rotted  manure,  three  or  four  tons  per  acre,  in  late  fall  or  early 
winter  will  aid  in  preventing  heaving  and  winter  killing.    A  heavy  ap- 
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plication  may  do  more  harm  than  good.  If  sufficient  manure  is  nvailable 
such  treatment  of  the  entire  field  is  advisable.  Well-rotted  or  composted 
manure  is  best  since  not  so  likely  to  introduce  grass  or  weed  seeds. 
Seedings  made  in  late  June  or  during  July  need  no  other  attention  than 
the  light  top  dressing  of  areas  likely  to  winter-kiU. 

During  the  second  season  the  first  cutting  for  hay  will  be  available 

during  late  May  or  early  June.    It  is  advisable  to  cut  when  small  shoots 

begin  to  appear  at  the  base  of  the  stems.    At  this  time  alfalfa  is  usually 

from  one-tenth  to  one-fifth  in  bloom.    One  of  the  most  successful  ways 

v^of  curing  alfalfa  is  to  cut  during  the  morning  and  allow  to  lie  on  the 


Alfalfa  hay  cures  best  in  small  cocks.  Bven  under  favorable  conditions,  good  hay  may 
be  made  by  opening  and  recocklng  after  rains.  Hay  caps  make  curing  even  more  dependable. 
In  exceptionally  fine  weather,  successful  curing  may  be  accomplished  in  windrows.  The  use 
of  hay  loading  and  stacking  machinery  is  becoming  general  on  large  alfalfa  farms. 

"  -1 

ground  until  wilted  in  the  swath.  It  should  then  be  raked  into  windrows 
by  the  use  of  the  side-delivery  or  sweejyrake.  Usually  it  is  ready  to  rake 
late  in  the  morning  following.  On  very  hot,  dry  days  when  curing  is 
rapid  it  may  be  raked  up  the  afternoon  or  evening  of  the  day  on  which  it 
is  cut.  Under  favorable  conditions  alfalfa  may  be  cured  in  windrows, 
but  it  is  safest  to  throw  into  cocks  immediately  so  that  the  curing  may 
take  place  under  more  certain  conditions.  Fairly  green  alfalfa,  wilted 
sufficiently  to  allow  raking,  which  is  cocked  immediately,  usually  cures 
into  excellent  hay  even  under  adverse  conditions.  After  a  rain  it  takes 
but  an  hour  or  so  to  open  the  cocks  of  an  acre  or  more  and  to  throw  them 
together  after  drying.  Alfalfa  should  never  be  allowed  to  dry  in  tJic 
swath  to  the  extent  that  the  leaves  fall  off  easily.  The  leaves  furnish 
the  most  valuable  part  of  the  hay,  and  pound  for  pound  are  almost  equal 
in  feeding  value  to  bran.  By  allowing  to  wilt  in  the  swath  and  raking 
into  windrows  or  throwing  into  cocks  the  leaves  continue  to  transpire 
moisture  and  dry  the  stems.  Though  alfalfa  may  be  handled  with 
less  loss  by  using  the  fork  in  all  operations  of  curing  and  stacking,  it 
is  nevertheless  usually  more  practical  and  economical  on  large  alfalfa 


Digitized  by 


Google 


594  STATE  BOARD  OB'  AGRICULTURE. 

farms  to  rake  with  the  side-delivery  rake,  pick  up  with  the  self-loadei, 
and  stack  with  fork  or  slings. 

The  use  of  hay  caps  on  the  cocks  during  curing  insures  a  better  color 
and  quality  of  hay,  and  will  prevent  loss  during  unfavorable  conditions. 
Canvas  caps,  about  three  and  one-half  or  four  feet  square  with  comers 
weighted  with  pieces  of  metal,  or  cement  balls,  or  carrying  stakes  on 
strings  which  may  be  thrust  into  the  cock,  will  effectually  shed  rain 
and  insure  proper  curing. 


StiU  productive  after  nine  years  of  successful  hay  crops.     Usually  alfalfa  i^elds  sbould  be 
plowed  or  pastured  at  from  four  to  six  years  after  seeding. 


Two  cuttings  are  usually  secured  during  the  second  season,  or  if  the 
year  is  very  favorable,  three  will  be  secured.  The  third  and  following 
seasons,  three  cuttings  are  usually  secured  and  occasionally  in  very 
favorable  years  four  may  result.  Usually  during  the  third  and  fourth 
season  June  grass  will  make  its  appearance.  At  that  time  it  is  advisable 
after  removing  the  hay  crop  to  cultivate  tcith  spring-tooth  or  spike-tooth 
harrow  in  order  to  drag  out  the  June  grass.  The  too  drastic  use  of  the 
spring- tooth  may  injure  alfalfa,  but  if  properly  used  the  June  grass  with 
its  surface  root  system  will  suffer  much  more  injury  than  the  alfalfa 
with  its  deeply  anchored  tap  root.  While  alfalfa  fields  ten  years  or  more 
in  age,  and  still  producing  successfully  are  occasionally  to  be -found 
in  Michigan,  it  is  usually  advisable  after  the  fourth  or  fifth  year  to  turn 
under  an  alfalfa  sod,  and  follow  with  cultivated  crops,  or  these  crops  in. 
an  ordinary  clover  rotation,  for  a  period  of  four  or  five  years  before 
reseeding  to  alfalfa.  Alfalfa  sods  are  often  followed  with  cultivated 
crops  for  several  years,  reseeding  to  alfalfa  alone  or  with  barley  or  oats 
as  a  companion  crop. 
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A  newly  turned  alfalfa  sod — hard  breaking  but  a  good  foundation  for  a  big  corn  crop. 


ALFALFA  IN  ROTATION. 


Alfalfa  is  not*  likely  to  supplant  red  clover  and  alsike,  or  clover  and 
timothy  mixtures,  in  Michigan  rotations  but  will  strongly  reinforce  these 
crops.  As  a  general  rule,  alfalfa  is  seeded  with»the  intention  of  allowing 
it  to  remain  for  from  four  to  six  years,  or  as  long  as  it  will  produce 
hay  successfully.  Often  only  portions  of  Michigan  farms  are  adapted 
to  its  profitable  culture,  and  the  expense  of  draining  and  liming  is  fre- 
quently considered  too  great  to  apply  to  more  than  a  comparatively  small 
area  at  one  time.  Owing  to  these  facts,  alfalfa  should  be  considered  a 
crop  to  grow  in  connection  with  the  ordinary  clover'  rotation,  which 
usually  occupies  the  greater  area  of  the  farm.  After  from  four  to  six 
years  alfalfa  is  usually  sod-bound,  and  after  a  year  of  pasture  is  turned 
under  to  be  followed  by  corn  and  other  cultivated  crops.  The  growing  of 
alfalfa  for  a  period  of  years  puts  land  in  excellent  condition  for  crops 
of  corn,  beans,  or  potatoes,  and  after  these  crops  alfalfa  may  be  .again 
seeded  either  alone  or  with  small  grain  as  a  companion  crop.  It  is  possi- 
ble to  divide  that  portion  of  the  farm  suited  to  alfalfa  into  a  proper 
number  of  fields  for  the  alfalfa  rotation,  or  the  alfalfa  may  be  followed 
by  four  or  five  years  of  crops  grown  in  an  ordinary  clover  rotation. 
Common  weeds  give  little  trouble  after  alfalfa  is  once  established,  owing 
to  the  frequent  cuttings.  Seeding  land  infested,  with  Canada  thistles, 
to  alfalfa,  is  an  excellent  way  to  get  rid  of  this  pest.  June  grass  and 
quack  grass,  however,  are  the  great  enemies  of  alfalfa,  and  unless  land  is 
fairly  free  of  these  grasses,  will  greatly  shorten  the  period  of  profitable 
production  of  the  alfalfa  field. 

Additional  Michigan  Experiment  Station  Publications  of  interest  to 
alfalfa  growers. — 

Bui.  No.  271— Alfalfa  Growing  in  Michigan,  1913. 

Popular  Bui.  No.  284 — Phosphorus  on  Michigan  Soils,  1919. 

Exp.  Sta.  Bui.  No.  91 — Information  on  Limo  and  Its  Use  an<l  Func- 
tion in  Soils,  1918. 
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As  pasture  for  growing  hogs,  a  good  stand  of  alfalfa  is  unexcelled. 
(Animal  Husbandry  Section,  Michigan  Bxperlment  Station  Pasture  Experiments  1916.) 

WHY  GROW  ALFALFA. 

To  get  the  largest  yield  of  the  best  hay  per  acre. 
To  reduce  feed  bills. 

To  increase  production  of  meat  and  milk. 

To  increase  the  humus  and  nitrogen  content  and  to  improve  the  condi- 
tion of  the  soil. 
To  eradicate  Canada  thistles  and  other  weeds. 


HOW  TO  GROW  ALFALFA. 

Plant  only  on  well-drained  fields. 
Prepare  seed  bed  thoroughly. 

Apply  ground  limestone,  marl,  beet  factory  lime,  or  hydra  ted  lime. 
Use  acid  phosphate  or  rock  phosphate,  and  manure  to  increase  yield. 
Inoculate  soil  where  alfalfa  or  sweet  clover  has  not  been  grown  suc- 
cessfully. 
Plant  hardy  northern  grown  strains. 
Cut  for  hay  when  shoots  show  at  crown. 
Wilt  in  swath  and  cure  in  windrows  or  cocks. 
Harrow  old  stands  after  cutting  to  retard  June  grass. 

WHERE  TO  GROW  ALFALFA. 

Where  more  leguminous  hay  is  needed  than  clover  will  supply. 
On  any  Michigan  soils  which  are 

Well  drained; 

Well  supplied  with  lime ; 

Where  June  grass  and  quack  grass  are  under  control. 

WHERE  NOT  TO  GROW  ALFALFA. 

On  poorly  drained  or  seepy  soils. 

On  acid  soils  or  soils  needing  lime. 

Where  the  cost  of  liming,  draining  and  fertilizing  is  too  great. 

Where  June  grass  and  quack  grass  are  unsubdued. 
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Circtdar  No.  36 


BY  C.  p.  HALLIGAN 

General  Aim 

Any  plan  for  the  improvement  of  the  school  grounds  should  first  of  all 
be  simple.  No  elaborate  or  pretentious  effects  should  be  attempted  in 
their  development.  The  primary  aim  should  be  to  retain  and  increase  the 
natural  beauty  of  the  surrounding  scenery,  making  the  grounds  a  beauty 
spot  in  the  rural  landscape,  rather  than  a  formal,  artificial,  or  imported 
element  in  the  scenery.  A  school  ground  should  possess  the  same  general 
character  of  beauty  as  is  indigenous  to  the  neighborhood,  making  it  appear 
not  as  something  separate  and  distinct  from  the  surroundings,  but  as  an 
attractive  and  pleasing  portion  of  the  general  landscape. 

.  Use  of  Native  Plants 

For  these  reasons  the  trees,  shrubs,  and  plants  that  are  used  to  develop 
the  rural  school  grounds  can  well  be  of  the  kinds  found  in  the  neighboring 
fields  and  woods.  Such  plants  will  be  naturalistic  and  harmonious  in  the 
landscape,  and  better  adapted  to*  the  climatic  and  soil  conditions  of  the 
place  than  soQie  exotic  plants  that  might  be  purchased  from  a  nursery. 

Therefore,  the  expense  that  might  be  incurred  in  purchasing  plants  for 
the  work  should  not  detain  ambitious  teachers  from  developing  the  school 
grounds.  Nursery  plants  of  the  kinds  most  adapted  to  the  conditions  are 
easier  to  transplant  successfully  because  of  their  more  branched  and 
fibrous  root  systems,  but  similar  kinds  from  the  fields  may  be  successfully 
transplanted  if  the  work  is  carefully  and  properly  done. 
'  The  interest  and  enthusiasm  of  children  may  be  aroused  for  this  work 
by  arranging  field  excursions  in  the  early  spring, — which  is  the  season 
when  the  plants  should  be  transplanted, — ^to  fields  and  woods,  where  they 
may  be  found,  and  where  under  the  teachers'  direction  they  may  be  care- 
fully dug  and  then  transferred  to  the  school  grounds.  The  earlier  in  the 
spring  this  work  is  done,  the  better  are  the  chances  of  success.  The  aim 
in  digging  should  be  to  retain  as  many  of  the  roots  as  practicable  and  to 
keep  them  moist  and  protected  from  exposure  to  sun  and  wind.  In  so  far 
as  it  is  sometimes  difficult  to  identify  many  of  the  plants  in  early  spring 
when  there  is  no  foliage  upon  them,  it  is  often  desirable  to  have  field 
excursions  in  the  early  fall  while  the  leaves  are  still  on  the  plants  and  to 
mark  such  plants  as  are  desired  for  spring  planting.  Such  an  excursion 
could  be  made  in  connection  with  a  lesson  in  botany  or  nature  study 
work. 

The  Planting  Plan 

Before  the  planting  is  started  a  plan  should  be  drawn  to  a  definite  scale 
(say  of  1"  to  10'),  showing  the  size  and  location  of  all  existing  buildings, 
walks,  drives,  plantings  and  boundaries  of  the  property.    With  this  data 
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as  a  basis  a  complete  planting  plan  of  the  property  may  be  made.  The  exe- 
cution of  the  plan  then  may  be  gradual.  The  most  important  parts  may 
be  developed  first  and  the  others  as  circumstances  permit.  Such  a  plan 
will  then  serve  as  a  definite  record  for  future  reference,  and  will  tend  to 
insure  the  progressive  development  of  the  scheme  that  otherwise  might  be 
forgotten. 

Where  to  Plant 

Trees  should  be  planted  about  the  boundaries  of  the  property  for  shade, 
and  general  protection  against  the  winds ;  also  in  the  rear  of  the  buildings 
to.  produce  a  proper  back  ground.    The  trees  may  be  arranged  to  enframe 
the  building  and  to  hide  undesirable  views  either  within  or  without  the 
property. 

Hardy  shrubs  are  especially  desirable  in  masses  or  groups  about  the 
boundaries  of  the  lawn,  and  about  the  foundation  of  the  school  building; 
also  in  front  of  the  out-buildings  and  other  undesirable  elements,  as 
screens,  and  sometimes  as  a  hedge  to  take  the  place  of  an  undesirable 
fence. 

Vines  may  be  used  to  cover  walls,  fences,  out-buildings,  banks  or  may  be 
trained  about  the  entrance  of  the  porch.  With  wooden  buildings  they 
should  not  be  used  to  cover  the  sides  of  the  structure  as  they  are  very 
apt  to  induce  the  wood  to  decay. 

Rules  for  Planting 

The  following  general  rules  should  be  observed  in  planting : 

1.  Preserve  as  many  of  the  fibrous  roots  as  possible. 

2.  Expose  the  roots  as  little  as  possible  to  the  drying  influencejs  of  the 
sun  and  wind. 

f\.  Prepare  the  roots  for  planting  by  cutting  away  the  bruised  and 
broken  portions. 

4.  Plant  an  inch  or  two  deeper  than  the  plant  stood  in  the  field.  If  the 
soil  is  very  sandy,  the  plants  may  be  set  two  to  four  inches  deeper. 

5.  Dig  the  hole  in  which  the  plant  is  to  be  set  deep  enough  to  receive 
two  or  three  inches  of  fine  top  soil  before  putting  the  plant  in  place, 
and  make  it  wide  enough  to  allow  the  roots  to  spread  in  their 
natural  position  without  crowding. 

6.  See  that  good  friable  surface  soil  is  firmly  packed  beneath  and  over 
the  roots. 

Native  Plants  Available 

A  suggestive  list  is  here  given  of  the  more  common  native  plants,  that 
may  be  available  in  neighboring  fields,  for  improving  the  rural  school 
grounds : 

Native  Trees 

^andy  Soil  Medium  to  Heavy  Soils 

Jack  Pine  Sugar  Maple  Elm 

White  Pine  White  Spruce  Red  Maple 

Carolina  Poplar  White  Oak  linden 

Ked  Oak  Beach  Alder 

Sas«afi*as  White  Cedar  TTemlock 
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Large-toothed  Aspen 
White  Birch 
Red  Cedar 
Hawthorn 
Sycamore 
Hop-tree 


Tulip  tree 
Iron-wood 
American  Ash 
Black  Walnut 
Sheepberry 


Swamp  Oak 
Peach-leaved  Willow 
Black  Willow 
Flowering  Dogwood 


Native  Shrubs  and  Herbaceous  Plants 


Prairie  Rose  (Rosa  Setigera) 

Staghorn  Sumac 

Dwarf  Sumac 

Sand  Plum 

Prairie  Willow 

Bush  Honeysuckle 

Common  Juniper 

Trailing  Juniper 

Sweet  Fern 

Common  Braken  t'ern 

New  Jersey  Tea 

Wild  Rose  (Rosa  Humilis) 

Red  Elder  (Shade) 

Wild  Rose  (Rosa  Carolina) 

Black-berried  Elder 

Hazel 

Button  Bush 


Red  Dogwood 

Winter  Berry  or  Black  Alder 

Shad  Bush 

Spice  Bush 

Willows  (Several  native  varieties) 

Flowering  Raspberry 

Black  Haw 

Arrow-wood 

Hardback 

Meadow  Sweet 

Bladdemut 

Snowberry 

Indian  Currant 

Sweet  Gale 

Christmasfern  (Shade) 

Ostrich-fern  (Shade) 


Native  Vines 


Bitter  Sweet 
Honeysuckle 
Wild  Grape 


Virginia  Creeper 
Moonseed 
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Circular  No.  37 


BY  R.   E.   LORES 

The  raspberry  is  well  adapted  to  ctdtivation  in  Michigan  and  in  some 
sections  of  the  state  ranks  Mgh  among  the  small  froits  as  a  commercial 
crop.  Conditions  are  ideal  in  many  localities  for  raspberry  growing  and 
they  should  be  more  commonly  grown  both  as  a  market  and  as  a  home 
garden  product.  In  many  towns  and  cities  of  the  state  the  demand  for 
raspberries  in  a  fresh  state  far  exceeds  the  supply.  Such  markets  furnish 
excellent  opportunities  for  those  who  are  fortunate  enough  to  have  a 
nearby  location  and  sufficient  labor  to  harvest  and  care  for  the  crop.  More 
raspberry  plantings  should  be  made  in  farm  and  suburban  gardens  and 
there  are  many  city  gardeners  who  could  well  afford  to  devote  some  space 
to  their  cultivation.  Their  culture  is  comparatively  ea^  and  with  ordin- 
ary care  and  attention  small  plantings  often  supply  an  abundance  of 
fresh  fruit  for  the  table  in  season  and  some  surplus  for  canning  and  pre- 
serving for  winter  use.  Profitable  crops  may  be  expected  the  second  or 
third  year  from  the  time  of  planting,  and  the  plantation  should  remain  in 
a  profitable  condition  for  several  years  depending  upon  the  care  which 
it  receives. 

While  success  in  raspberry  growing  depends  very  largely  upon  the  in- 
dividual care  and  attention  of  the  grower,  much  depends  upon  the  soil  and 
location  of  the  plantation.  Nearness  to  market  or  shipping  point  is  an 
important  factor  in  commercial  growing.  The  fruit  is  soft  and  must  be 
marketed  quickly  and  with  little  handling.  Considerable  labor  Is  also 
necessary  for  harvesting  the  crop.  The  most  profitable  plantations  are 
those  which  are  located  near  the  larger  towns  and  cities  where  the  product 
can  be  marketed  quickly  and  economically,  and  where  pickers  can  be 
easily  secured. 

SOIL  AND  IX)CATION 

Raspberries  may  be  grown  on  almost  any  weU  drained  soil.  A  sandy 
loam  or  clay  loam  is  best.  An  abundant  moisture  supply  is  most  impor- 
tant. The  surface  soil  must  be  deep  and  well  supplied  with  humus  and 
should  be  underlaid  with  a  porous  yet  retentive  subsoil  which  will  keep 
the  water  table  near  the  surface.  Shallow  soils  especially  if  lacking  in 
humus  often  dry  out  quickly.  They  should  be  made  deeper  and  improved 
by  the  use  of  cover  crops  and  stable  manure.  Raspberries  do  not  thrive 
on  wet  soils  or  those  wWch  do  not  allow  excess  moisture  to  drain  off  quick- 
ly. They  require  large  amounts  of  moisture,  especially  during  the  fruiting 
season,  yet  easily  suffer  from  any  excess  of  moisture  in  the  soil.  The  soil 
should  always  be  moist  and  very  retentive  to  secure  the  best  results  but 
should  never  be  wet. 

Whenever  possible  a  slightly  sloping  site  somewhat  higher  than  sur- 
rounding lands  should  be  chosen.  Low  lands  or  valleys  which  have  no 
natural  outlet  for  the  heavy  cold  air  which  settles  in  from  higher  levels 
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should  be  avoided.  Raspberries  grown  on  such  lands  are  more  subject  to 
injury  from  late  spring  frosts  and  the  canes  are  more  often  killed  by 
severe  winter  freezing  than  those  grown  on  higher  and  more  favorable 
situations.  Hill  tops  or  steep  slopes  are  undesirable  as  much  fertility  may 
be  lost  and  the  plants  injured  by  excessive  washing  of  the  soil.  Northern 
exposures  are  often  preferred,  though  not  necessary.  They  are  cooler  and 
less  subject  to  drouth  and  larger  and  finer  berries  are  secured. 


Fig.  2. — ^The  red  raspberry  is  propagated  from  suckers  which  arise  from  underground  stems. 

PLANTS  AND  PLANTING 

Propdgation,  New  plants  may  be  purchased  from  a  reliable  nursery- 
man or  they  may  be  secured  from  established  plantations. 

The  red  raspberry  is  commonly  propagated  from  the  suckers  or  shoots 
which  spring  from  underground  stems.  These  may  be  dug  up  and  used  for 
new  plants.    The  best  plants  to  use  are  the  young  shoots  which  come  up 
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in  the  fall  after  cultivation  or  early  in  the  spring.  They  should  not  be 
pulled  from  the  soil  but  carefully  lifted  with  a  spade,  otherwise  the  young 
shoots  will  be  broken  from  the  underground  stem  with  but  few  small  roots 
attached. 

The  black  raspberry  is  propagated  from  rooted  tips.  During  late 
August  the  long  canes  bend  to  the  ground  where,  if  undisturbed,  they  be- 
come rooted  and  produce  new  plants.  The  tips  are  often  covered  with 
soil  during  cultivation  and  take  root,  but  if  a  considerable  number  of 
plants  is  desired  it  may  be  necessary  to  bury  the  tips  with  a  hoe  or  spade 
to  insure  contact  with  moist  soil  until  good  roots  are  produced.  The 
rooted  tips  may  be  dug  in  late  fall,  or  better  still,  left  in  the  ground  until 
the  next  spring.  They  are  removed  by  cutting  off  the  parent  cane  a  short 
•  distance  above  the  new  plant  and  carefully  lifting  to  avoid  unnecessary 
breaking  of  roots.  Better  plants  may  be  secured  from  young  plantations. 
They  are  usually  more  vigorous  and  free  from  disease  than  those  taken 
from  older  plantations.* 


Fig.  3. — The  black  raspberry  is  propagated  from  rooted  tips. 

Preparhtion  of  the  Soil,  Plants  should  not  be  set  on  newly  broken  sod 
land.  The  soil  should  be  well  fertilized  and  cultivated  and  all  weeds  and 
grass  thoroughly  subdued.  It  is  advisable  to  grow  a  hoed,  or  cultivated 
crop  on  the  land  the  year  previous  to  planting.  The  soil  should  be  plowed 
deeply  and  harrowed  until  it  is  in  a  fine  mellow  condition  for  planting  the 
same  as  for  any  other  crop.  Young  plants  set  in  well  prepared  soil  become 
established  more  quickly  and  less  work  will  be  necessary  in  caring  for 
them  during  the  first  and  succeeding  seasons. 

Time  of  Planting.  The  best  time  for  planting  raspberries  is  in  early 
spring.  It  is  usually  safer,  and  better  plants  of  the  black  raspberry  can 
be  secured.  Red  raspberries  may  be  planted  in  the  fall  on  the  lighter 
types  of  soil  but  if  done  some  form  of  mulch  should  be  provided  for  protec- 
tion and  to  prevent  heaving  from  the  soil  by  frosts. 

♦See  plant  diseases  on  page  611. 
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Distance  of  Planting.  Raspberries  may  be  grown  in  hills  and  the  culti- 
vator used  on  all  sides  of  the  plants,  or  they  may  be  grown  in  more  or  less 
solid  or  continuous  rows  and  the  plantation  cultivated  in  only  one  direc- 
tion. 

When  grown  in  hills  a  distance  of  five  feet  apart  each  way  is  satis- 
factory, though  they  are  sometimes  planted  closer.  The  hill  system  has 
the  advantages  that  less  hand  work  is  necessary  to  keep  suckers  and  weeds 
under  control ;  more  sunshine  and  air  reaches  all  parts  of  the  plant ;  the 
fruit  is  more  easily  picked ;  and  larger  and  finer  berries  are  secured. 

Both  the  black  and  red  raspberries  are  commonly  grown  under  the  row 
system.  The  plants  should  be  set  three  feet  apart  with  a  space  of  six  to 
eight  feet  between  the  rows.  Unless  space  is  limited  or  land  values  high, 
the  latter  distance  is  recommended.  The  plantation  should  be  cultivated 
in  both  directions  the  first  season  or  sometimes  longer  until  the  plants 
begin  to  fill  in  the  spaces,  after  which  the  cultivator  is  run  in  only  one 
direction. 


Fig.   4.-    Well   rooted  raspberry  plants  ready  for  setting.     Black   raspberry   at  the  left,   red 

raspberry  at  the  right. 

Setting  the  Plants.  The  canes  of  the  new  plants  should  be  cut  back  to 
about  six  inches  in  length  at  the  time  of  planting.  They  should  be  set 
some  deeper  than  they  originally  were  in  the  soil.  Red  raspberry  plants 
may  be  set  as  much  as  three  or  four  inches  deeper,  but  care  must  be  taken 
not  to  cover  plants  of  the  black  varieties  too  deeply  or  the  tips  may  be 
smothered.  They  should  be  set  so  that  the  tips  are  not  covered  with  more 
than  two  inches  of  soil.  It  is  best  to  set  the  plants  in  the  bottom  of  a 
furrow  about  four  inches  deep  and  cover  them  at  first  to  a  depth  of  one  or 
two  inches,  later  filling  in  the  furrow  by  cultivation  as  the  new  shoots 
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develop.  This  leaves  the  crown  of  the  plant  well  below  the  surface  of  the 
soil,  so  that  they  suffer  less  from  drouth  and  the  canes  are  less  liable 
to  be  blown  over  than  when  they  are  planted  shallow.  The  plants  should 
be  set  in  such  a  manner  that  the  tip  or  bud  in  the  center  of  the  mass  of 
roots  is  in  an  upright  position  regardless  of  the  position  of  the  piece  of 
old  cane  which  is  attached.  Handle  the  plants  carefully.  The  tips  are 
tender  and  easily  broken.  Do  not  expose  the  plants  unnecessarily  to  the 
wind  and  sun.  Be  sure  that  the  soil  is  well  Armed  about  the  roots  and 
finally  cover  with  a  little  loose  soil  to  prevent  evaporation. 

CULTIVATION 

Thorough  and  clean  cultivation  is  essential.  Grass  and  weeds  must  be 
kept  out  of  the  rows  and  the  surplus  suckers  of  the  red  raspberry  destroy- 
ed. The  soil  should  be  plowed  shallow  and  prepared  early  in  the  spring 
and  kept  in  a  loose  friable  condition  during  the  season  by  frequent  stir- 
ring. Use  the  cultivator  or  harrow  as  soon  as  possible  after  each  rain  and 
at  least  once  each  week  during  dry  seasons  to  conserve  moisture.  Deep 
tillage  should  not  be  practiced  as  many  roots  are  thus  injured  and  suckers 
of  the  red  raspberry  become  more  numerous  and  difficult  to  control.  CJul- 
tivate  just  deep  enough  to  break  the  crust  and  keep  a  loose  mulch  on  the 
surface  at  all  times.'  Some  cultivate  deeply  at  first  to  force  the  lateral 
roots  to  form  at  a  considerable  distance  below  the  surface.  Shallow  cul- 
tivation later  prevents  excessive  sprouting  because  the  deep  laying  per- 
manent roots  are  uninjured.  Usually  cultivation  is  discontinued  with  the 
beginning  of  the  picking  season  but  it  is  often  beneficial,  especially  in  dry 
time,  to  loosen  the  soil  between  the  rows  after  each  picking.  This  is  per- 
missible, if  it  can  be  done  without  knocking  off  the  fruit  or  injuring  the 
plants.  One  or  two  cultivations  after  the  fruit  is  harvested  may  be  neces- 
sary to  clean  up  the  patch  and  loosen  the  soil  after  which  a  cover  crop 
should  be  sown  to  be  turned  under  the  next  spring.  Late  fall  cultivation; 
tends  to  induce  a  new  growth  which  may  not  fully  mature  and  may 
therefore  be  more  easily  injured  by  winter. 

Mulching  each  year  with  several  inches  of  straw,  leaves,  or  marsh  hay 
may  be  substituted  for  cultivation  and  is  often  profitable,  but  on  account 
of  the  high  cost  and  difficulty  of  securing  suitable  mulching  material  the 
operation  is  not  often  practiced  except  in  the  small  patch.  It  is  of 
special  value  in  the  home  garden.  Moisture  is  of  {en  conserved  as  well  as 
by  cultivation ;  the  soil  is  constantly  improved  and  better  crops  of  berrieei 
often  secured. 

FERTILIZERS 

Well  rotted  stable  manure  is  the  best  fertilizer  for  raspberries.  Stable 
manure  not  only  adds  plant  food  to  the  soil,  but  furnishes  large  amounts 
of  humus  which  improves  the  texture  and  physical  condition  of  the  soil 
and  increases  its  water  holding  capacity. 

The  amount  to  apply  depends  upon  the  type  and  previous  preparation 
of  the  soil.  On  good  soils  which  have  been  well  prepared  an  annual  appli- 
cation of  about  ten  tons  per  acre  is  recommended.  On  the  lighter  types  of 
soils,  heavier  applications  of  fifteen  to  twenty  tons  per  acre  may  be  neces- 
sary. 
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When  stable  manure  can  not  be  easily  obtained,  cover  crops  may  be  used 
to  keep  up  the  humus  supply.  Oats  sown  at  the  time  of  the  last  cultiva- 
tion, or  about  the  middle  of  August,  at  the  rate  of  two  bushels  per  acre 
will  provide  a  good  supply  of  organic  matter  to  turn  under  the  next 
spring.  Clovers,  vetch,  or  rye  may  be  used  providing  they  are  drilled  in 
between  the  rows  and  turned  under  very  early  in  the  spring.  Otherwise 
they  may  become  established  among  the  plants  and  considerable  hand 
labor  may  be  necessary  to  eradicate  them. 


Fig,  6. — ^Black  raspberry  plant  before  and  after  pruning  in  the  spring. 
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Commercial  fertilizera  may  be  used  to  supply  the  mineral  elements  to 
the  soil.  They  should  contain  relatively  high  percentages  of  phosphoric 
acid  and  potash  with  nitrogen  in  a  slowly  available  form.  Large  amounts 
of  quickly  available  nitrogen  either  in  the  form  of  commercial  fertilizer  or 
stable  manure  often  induces  an  excessive  cane  and  leaf  growth  and  lessens 
fruit  production. 

When  no  stable  manure  is  applied  and  cover  crops  used  to  supply 
humus,  an  annual  application  in  the  spring  of  equal  parts  of  ground 
bone,  acid  phosphate,  and  muriate  of  potash,  applied  at  the  rate  of  500 
pounds  per  acre,  is  recommended.  If  desired  to  supplement  light  applica- 
tions of  stable  manure,  an  application  consisting  of  200  pounds  of  bone 
meal  or  acid,  phosphate  and  100  pounds  of  muriate  of  potash  may  be  used. 

PRUNING  AND  TRAINING 

The  fruit  of  the  raspberiy  is  borne  on  lateral  or  side  shoots  from  canes 
of  one  season's  growth.  The  canes  usually  bear  but  once,  that  is,  the  canes 
are  produced  one  year,  bear  fruit  the  next,  then  die.  The  objects  of  prun- 
ing, therefore,  should  be  to  remove  all  old  canes  which  are  of  no  use  in  the 
plantation,  and  to  provide  a  proper  number  of  new  canes  for  the  produc- 


Fig.  6. — A  well  grown  black  raspberry  plant.    Only  3  to  5  of  the  best  canes  are  left  for  fruiting. 
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tion  of  fruit  the  following  season.  Some  growers  do  not  remove  the  old 
canes  until  winter  or  until  the  pruning  is  done  early  in  the  spring.  It  is 
best  to  cut  them  out  immediately  after  all  the  fruit  is  picked.  They  should 
be  removed  from  the  patch  and  burned.  Insects  and  diseases  are  in  this 
way  better  controlled  and  the  new  canes  are  provided  with  better  condi- 
tions for  development. 

Black  Raspberry.  During  the  summer  the  new  growth  of  the  black  rasp- 
berry is  pruned  by  pinching  out  the  tips  of  the  young  growing  canes  when 
they  are  about  18  to  24  inches  high.  This  checks  the  terminal  growth  and 
induces  the  development  of  low,  stocky,  well-branched  plants  which  will 
stand  erect  and  need  no  support.  Be  sure  to  pinch  back  the  canes  as  soon 
as  they  have  reached  the  desired  height.  In  order  to  do  this  it  is  usually 
necessary  to  go  over  the  patch  several  times  during  the  growing  season  as 
all  the  canes  do  not  appear  at  the  same  time.  Weaker  plants  result  if  the 
canes  are  allowed  to  grow  beyond  the  desired  height  and  cut  back  later. 
In  the  spring  the  canes  should  be  thinned  out  leaving  only  3  to  5  strong 
canes  to  each  plant,  and  all  lateral  or  side  shoots  cut  back  to  12  to  18 
inches  in  length. 


Fig.  7. — Cuthbert  red  raspberry.     Rows  too  wide  and  canes  not  properly  thinned. 

Red  Raspberry,  The  pruning  of  the  red  raspberry  consists  of  removing 
all  old  canes  at  the  close  of  the  picking  season  and  thinning  out  the  new 
growth.  The  new  canes  are  not  tipped  back,  but  allowed  to  grow  as  they 
will.  Proper  thinning  and  spacing  of  the  new  canes  is  important.  Most 
varieties  produce  suckers  very  freely  from  the  underground  stems  and  if 
all  are  allowed  to  grow,  the  plants  become  crowded  and  the  ground  soon 
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becomes  covered  with  sucker  plants.  All  suckers  and  weak  canes  should 
be  cut  out  and  if  they  are  kept  in  hills  not  more  than  5  to  7  of  the  best 
canes  should  be  left  in  each  hill  to  produce  the  next  season's  crop.  They 
are  most  commonly  allowed  to  fill  in  the  spaces  between  the  original 
plants  forming  a  solid  row  or  hedge.  The  hedge-rows  should  not  be  al- 
lowed to  become  more  than  10  or  12  inches  wide  and  the  canes  should  be 
well  spaced  so  they  will  stand  at  least  6  or  8  inches  apart.  All  suckers 
which  appear  outside  the  limits  of  the  row  or  hill  should  be  treated  as 
weeds  and  destroyed  by  ctdtivation,  or  if  necessary,  chopped  off  with  the 
hoe.    No  pruning  back  is  necessary  in  the  spring  unless  the  canes  are 


Fig.  8. — Cuthbert  red  raspberry.    The  canes  are  well  spaced  in  the  row. 

very  tall  or  weak  and  no  support  is  provided  for  them.  They  are  then 
cut  back  to  a  height  of  4  to  5  feet  so  that  they  will  support  a  crop  of  fruit. 
Both  the  black  and  red  raspberry  are  pruned  and  trained  so  that  under 
ordinary  conditions  no  wires  or  trellising  are  necessary.  There  are  some 
advantages  if  the  canes  are  provided  with  some  artificial  means  of  support 
and  it  usually  pays.  The  canes  are  kept  up  out  of  the  way  making  cultiva- 
tion easier,  the  fruit  is  more  easily  picked  and  there  is  less  loss  of  fruit 
from  becoming  covered  with  soil  or  splashed  with  dirt  by  rains.  When  red 
raspberries  are  grown  in  hills  a  strong  stake  should  be  set  in  the  center  of 
each  hill  and  the  year  old  canes  tied  to  it.    When  grown  in  rows  the  bear- 
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ing  canes  liiay  be  kept  erect  by  tying  them  to  a  single  wire  which  is 
stretched  about  four  feet  high  on  posts  set  about  20  or  30  feet  apart  in  the 
rows ;  or  two  wires,  one  at  three  feet  and  one  at  five  feet,  may  be  used  in 
making  this  kind  of  a  trellis,  and  the  canes  tied  to  both  the  upi)er  and 
lower  wires.  A  very  simple  and  satisfactory  form  of  trellis  may  be  made 
by  nailing  cross  pieces  about  fifteen  inches  in  length  to  posts.  Wires  are 
stretched  from  the  ends  of  the  cross  pieces,  one  wire  on  each  side.  The 
plants  grow  up  between  the  wires  and  are  supported  by  them.  When  the 
black  raspberries  are  properly  summer  pruned,  the  canes  become  very 
sturdy  and  self-supporting  and  a  trellis  is  considered  unnecessary.    It  is 


Fig.  9. — Cuthbert  red  raspberry  grown  in  accordance  with  the  hlU  system. 

sometimes  an  advantage  to  place  a  stake  near  each  plant  and  tie  the  canes 
to  it,  or  if  desired  the  two  wire  trellis  just  described  will  be  found  very 
satisSfactory. 

HARVESTING 

The  raspberries  should  be  handled  carefully  to  avoid  bruising.  The 
bushes  should  be  picked  over  often.  During  the  height  of  the  season,  pick- 
ing at  least  every  other  day  is  necessary.  The  berries  should  be  firm  but 
not  over  ripe  to  reach  the  market  in  good  condition.  In  the  home  garden 
the  fruit  may  be  left  on  the  bushes  until  quite  ripe  and  a  much  higher 
flavor  and  quality  will  develop.    Never  pick  when  wet  unless  for  imme- 
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diate  use.  Keep  the  fruit  shaded  in  the  patch  and  remove  to  a  cool  place 
or  market  them  as  soon  as  possible.  The  berries  should  be  picked  directly 
into  the  boxes  in  which  they  are  to  be  sold  and  packed  without  further 
handling  into  crates.  Both  the  black  and  red  varieties  are  commonly 
sold  on  local  markets  in  quart  boxes.  Pint  boxes  are  often  preferred  for 
the  reds  and  should  be  used  if  they  are  shipped  to  a  distant  market. 

DURATION  OP  PLANTATION 

The  number  of  crops  which  may  be  taken  from  the  plantation  is  deter- 
mined very  largely  by  the  care  given  it  by  the  grower  and  the  prevalence 
of  insects  and  diseases.  The  average  life  of  black  raspberry  plantations  is 
about  5  to  7  years  and  that  of  the  red  raspberry  8  to  10  years.  They  may 
be  kept  in  bearing  longer  but  it  is  often  not  profitable  to  do  so.  Whenever 
diseases  and  insects  become  very  troublesome  and  weeds  and  grass  diffi- 
cult to  control,  the  plantation  should  be  destroyed  and  new  plantings 
depended  on  for  future  ci-ops. 

INJURIOUS  INSECTS 

Approved  by  the  Department  of  Entomology. 
Tree-cficket,  The  presence  of  this  insect  is  known  by  the  rows  of  egg 
punctures.  These  are  often  so  close  together  that  they  make  an  almost 
continuous  slit  two  or  three  inches  long,  running  lengthwise  of  the  cane. 
The  rows  of  punctures  tend  to  either  kill  the  upper  part  of  the  cane  or 
weaken  it  so  as  tg  prevent  the  proper  development  of  the  fruit.     This 


Pig.  10. — Black  raspberries  in  the  home  garden.    Bearing  canes  tied  to  stakes. 
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insect  may  be  controlled  by  collecting  the  canes  containing  the  eggs  and 
burning  them. 

Raspberry  Canelorer.  During  June  and  July  these  insects  appear  and 
work  on  the  new  growth  a  few  inches  from  the  end  of  the  canes.  The 
female  insect  makes  two  rows  of  punctures  around  the  cane  about  one-half 
inch  apart  between  which  the  egg  is  laid.  The  girdling  causes  the  tip  to 
wilt.  The  egg  hatches  and  the  larva  bores  down  through  the  pith,  usually 
causing  the  death  of  the  cane.  As  soon  as  the  tips  in  which  the  eggs  are 
deposited  are  noticed  they  should  be  cut  off  below  the  girdle  or  tunnel  and 
destroyed.  Prompt  removal  of  the  canes  at  the  end  of  the  fruiting  season 
will  also  aid  in  keeping  this  insect  under  control. 

Raspberry  Sawfly.  A  small  thick  bodied  fly  which  appears  in  May.  The 
female  deposits  her  eggs  between  the  two  layers  of  the  leaf.  The  young 
larvae  begin  to  feed  as  soon  as  hatched  and  at  first  eat  out  irregular  holes 
and  finally  the  whole  leaf.  The  green  larvae  may  be  brushed  from  the 
bushes  during  the  heat  of  the  day  and  will  often  die  before  they  can  get 
back  to  the  food  plant.  Spraying  with  hellebore  used  at  the  rate  of  one 
ounce  to  one  gallon  of  water  is  very  effective. 

DtSBASES 

Approved  by  the  Department  of  Botany. 

Croion  Gall.  This  is  a  bacterial  disease  which  occurs  on  many  fruits 
and  is  often  especially  injurious  to  raspberries.  It  is  easily  recognized  by 
the  galls  or  knotty  growths  which  appear  at  the  surface  of  the  soil,  or  at 
some  distance  above  the  ground  on  the  canes.  When  making  new  plant- 
ings do  not  set  infected  nursery  stock  or  take  plants  from  fields  where  it 
is  known  to  exist.    Remove  old  plants  which  are  infected  and  burn. 

Anthracnose.  A  serious  and  common  disease  of  the  raspberry,  distin- 
guished by  grayish  white  spots  with  a  purple-colored  margin  which  appear 
most  commonly  near  the  base  of  the  canes.  Control :  Take  out  diseased 
canes  at  the  end  of  the  fruiting  season.  Practice  clean  cultivation.  May 
be  controlled  by  spraying  with  lime-sulphur  or  Bordeaux  mixture.  Recent 
experiments  show  that  it  can  be  most  satisfactorily  controlled  with  lime- 
sulphur.  Three  applications  should  be  made.  First,  in  the  spring  before 
the  leaves  appear;  second,  when  the  new  shoots  are  about  six  inches  high ; 
third,  just  before  the  blossoms  appear.  For  the  first  application  the  lime- 
sulphur  is  diluted  at  the  rate  of  2i^  gallons  in  50  and  for  the  later  applica- 
tions at  the  rate  of  1\/^  gallons  in  50.  For  further  particulars  see  Michi- 
gan Special  Bulletin  No.  88. 

Yellows  or  Curh  One  of  the  most  serious  diseases  of  the  red  raspberry 
in  Michigan.  Cause  not  known.  The  plants  are  stunted,  sickly,  and  bushy 
in  appearance.  Both  healthy  and  diseased  plants  may  occur  in  the  same 
clump.  The  leaves  are  curled  and  become  mottled  in  appearance.  The 
berries  on  diseased  plants  usually  become  dry  before  ripening  or  they  may 
ripen  from  ten  days  to  two  weeks  early.  Cannot  be  controlled  by  spray- 
ing.   Dig  out  and  burn  diseased  plants. 
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Fig.  11. — Two  common  diseases  of  the  raspberry.    Crown  Oall  at  the  left,  Anthracnose  at  the 

right. 

Ganehlight.  The  chief  damage  is  done  to  the  fruiting  canes.  Causes  a 
wilting  of  the  cane  and  foliage  and  the  berries  dry  up.  Sometimes  called 
raspberry  cane-wilt.  Often  only  a  single  branch  or  a  small  portion  of  the 
cane  is  blighted.  In  other  cases  the  whole  cane  may  be  affected.  No 
definite  means  of  control  can  be  given.  Remove  and  bum  dead  and  dis- 
eased canes  after  the  fruiting  season  and  again  in  early  spring. 

Orange-Rust.  May  be  known  by  the  red  rust  that  appears  on  the  leaves 
and  sometimes  on  the  canes.  Orange-red  spots  appear  on  the  under  side 
of  the  leaves  and  they  become  dwarfed  and  rolled  and  finally  drop  from 
the  plant.  The  plants  are  stunted  but  not  killed.  Dig  out  diseased  plants 
and  destroy  them  as  soon  as  they  appear.  All  wild  raspberries  and  black- 
berries in  the  vicinity  known  to  be  affected  should  be  destroyed. 

VARIETIES  OF  RED  RASPBERRIES 

Cuthbert.  The  best  known  and  most  valuable  variety.  Grown  more 
than  all  other  varieties  combined.  The  bushes  are  tall,  upright,  hardy 
and  vigorous,  and  produce  fine  crops  of  large  conical,  bright  red  berries  of 


Digitized  by 


Google 


EXPERIMENT  STATION  BULLETINS.  613 

excellent  flavor  and  quality.    Highly  recommended  for  commercial  and 
home  planting. 

King.  Regarded  by  some  as  a  valuable  variety  because  of  its  earliness. 
The  bushes  are  hardy  though  not  as  large  when  grown  under  the  same  con- 
ditions as  thoseof  the Cuthbert.  The  canes  are  stiff  and  upright  and  very 
strong  growers.  The  fruit  is  large,  firm,  bright  red,  but  must  be  harvested 
before  very  mature  or  it  will  drop  badly.  A  valuable  early  sort  worthy  of 
trial. 

Herhert,  Of  Canadian  origin.  Not  grown  to  any  extent  in  the  state  but 
worthy  of  trial.  Berries  large,  conical,  bright  red,  not  as  firm  as  the  Cuth- 
bert. Ripens  a  little  earlier.  Bushes  hardy,  vigorous,  spreading  and 
often  very  productive. 

Miller^s  Red.  One  of  the  older  standard  early  varieties.  Considered  by 
some  as  the  best  6arly  variety,  but  it  is  not  satisfactory  as  grown  here.  It 
begins  to  ripen  a  little  earlier  than  the  King  but  in  other  respects  is  ex- 
celled by  that  variety. 

8t.  Regis  (Everbearing).  Berries  small  to  medium,  deep  red,  only  fair 
in  flavor  and  quality.  Bushes  hardy,  upright  and  vigorous.  Bears  a  fair 
crop  during  the  usual  season  and  continues  bearing  until  late  fall.  Not 
enough  fruit  is  secured  at  any  one  picking  to  be  suflBcient  for  marketing 
except  from  comparatively  large  plantings.  May  be  planted  in  the  home 
patch  to  extend  the  raspberry  season  but  is  not  recommended  for  general 
planting  in  the  state. 

VARIBTIBS  OF  BLACK  RASPBERRIES 

Cumberland.  This  variety  occupies  the  same  place  among  the  black 
varieties  as  the. Cuthbert  does  among  the  reds.  It  is  the  standard  black 
raspberry.  The  plants  are  tall,  upright,  vigorous  and  hardy  and  very 
productive.  The  berries  are  large,  firm  and  very  good  in  quality  and  ap- 
pearance. A  good  shipper.  The  best  mid-season  variety  for  commercial 
or  home  use. 

Plum  Farmer.  A  new  variety  which  is  becoming  very  popular  with 
some  growers.  The  plants  are  very  vigorous,  somewhat  spreading,  and 
very  healthy.  Thought  by  some  to  be  less  susceptible  to  anthracnose  than 
the  Cumberland.  The  fruit  is  very  attractive,  firm,  a  good  shipper  and  of 
excellent  quality.  A  promising  early  variety  for  home  or  commercial 
plantation. 

Oregg.  One  of  the  best  late  varieties.  Very  vigorous  and  productive 
and  spreading  in  habit  of  growth.  The  berry  is  large  and  firm  and  is  cov- 
ered with  a  whitish  bloom.    A  valuable  late  market  variety. 

Hoosier.  One  of  the  newer  varieties  which  is  worthy  of  trial.  The  fruit 
is  medium  to  large  in  size  and  of  good  quality.  The  plants  are  tall,  vigor- 
ous and  productive.    Hardy.    About  the  same  season  as  Plum  Farmer. 

Kansas.  A  very  good  early  variety.  The  plants  are  hardy  but  not  as 
vigorous  and  productive  as  the  other  varieties  named.  Has  been  quite 
extensively  planted  but  is  now  being  replaced  by  other  more  promising 
sorts. 
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Ewreka.  Highly  recommended  by  some  as  a  valuable  early  variety. 
Has  not  proved  satisfactory  under  test.  The  berry  is  small  and  often 
crumbly  and  only  fair  in  quality.  The  plants  are  lacking  in  vigor  and 
productiveness  as  grown  on  the  Station  grounds. 

1»URPLB  RASPBERRIES 

The  purple  raspberries  are  hybrids  of  the  black  and  red  varieties.  Their 
habit  of  growth  and  method  of  propagation  and  culture  is  very  similar  to 
that  of  the  black  raspberry.  They  are  very  hardy,  vigorous  and  productive 
and  the  berries  are.  very  good  for  canning.  The  most  common  varieties 
listed  are  the  Columbian,  Haymaker,  Cardinal,  and  Shafer.  The  Colum- 
bian is  a  very  fine  variety  of  this  class  and  is  highly  recommended. 

YBLLOW  RASPBERRIES 

The  yellow  raspberries  are  very  similar  to  the  red  varieties  except  in  the 
color  of  the  berry  which  is  a  deep  yellow.  Their  culture  and  method  of 
propagation  is  the  same  as  described  for  the  red  raspberry.  The  Golden 
Queen  is  the  most  common  variety.  It  resembles  the  Cuthbert  in  shape 
and  size  of  berry  and  habit  of  growth. 
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Circular  No.  38 


BY  R.  B.  LOREE 

The  currants  and  gooseberries  are  not  grown  as  extensively  in  Mich- 
igan as  the  other  small  fruits,  yet  they  occupy  an  important  place  in  the 
fruit  industry  of  the  state.  Michigan  is  one  of  the  leading  states  in  the 
production  of  these  fruits.  The  climatic  conditions  are  very  favorable 
for  them  and  as  they  are  very  hardy,  they  may  be  successfully  grown  in 
most  sections  of  the  state.  They  are  easily  grown  and  this  combined  with 
their  hardiness  and  desirability  for  culinary  purposes  recommends  them 
for  planting  in  the  small  fruit  garden  as  well  as  the  commercial  planta- 
tion. 

LOCATION  AND  SOIL 

The  climatic  and  soil  requirements  of  the  currants  and  gooseberries 
are  very  similar.  Both  are  by  nature  northern  plants  and  in  their  wild 
state  are  always  found  growing  in  cool  moist  places.  They  do  not  thrive 
•  in  hot  dry  situations.  For  this  reason  the  cool  northern  exposures  are  de- 
sirable and  should  be  selected  whenever  possible.  Partial  shade  is  an  ad- 
vantage and  that  of  an  orchard  is  desirable,  but  it  is  not  advisable  to 
plant  currants  or  gooseberries  in  an  orchard  unless  the  soil  is  very  fertile 
and  the  bushes  are  set  so  that  they  will  not  interfere  with  the  care  and 
growth  of  the  trees.  In  the  home  garden  the  north  side  of  a  building  or 
fence  is  a  good  location. 

Both  the  currants  and  gooseberries  will  grow  and  produce  some  fruit 
on  almost  any  soil.  They  prefer  a  naturally  cool,  moist,  fairly  heavy 
soil,  A  deep,  moderately  fertile,  well-drained  clay  loam  which  is  well 
supplied  with  humus  is  best.  They  also  succeed  well  on  strong,  moist, 
sandy  loams.  Light  sandy  loams  should  be  avoided  as  far  as  possible. 
Such  soils,  if  used,  should  be  well  built  up  with  stable  manure  and 
leguminous  crops  before  and  after  planting.  Clay  soils  are  often  satis- 
factory if  properly  handled,  but  they  are  difficult  to  work  and  require 
heavy  annual  applications  of  well  rotted  stable  manure  to  keep  them  in 
a  loose,  friable  condition. 

PROPAGATION 

The  plants  may  be  secured  from  any  reliable  nursery  or  they  may  be 
propagated  and  grown  at  home.  In  most  cases  it  is  better  to  purchase 
the  needed  plants  from  those  who  make  a  specialty  of  growing  them. 
Much  time  is  saved  and  frequently  it  is  cheaper  in  the  end  to  buy  good 
strong  well-rooted  plants  of  a  recommended  variety  than  to  attempt  to 
grow  them  in  a  small  way. 

Currants  are  easily  propagated  from  hardwood  cuttings,  about  six 
or  eight  inches  in  length,  which  are  taken  from  well  ripened  shoots 
of  one  season's  growth.    They  may  be  taken  and  planted  either  in  the 
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fall  or  early  spring.  It  is  best  to  take  them  in  the  fall  and  store  them 
over  winter  in  damp  sand,  sawdust  or  moss  in  a  cool  cellar,  or  they  may 
be  tied  in  bundles  and  buried  upside  down  so  that  the  butts  are  covered 
with  about  three  inches  of  soil  in  a  well  drained  place  out-of-doops. 

They  are  planted  in  nursery  rows  early  in  the  spring,  setting  them 
about  four  to  six  inches  apart  in  the  rows  and  deep  enough  so  that  only 
one  or  two  buds  are  above  the  surface  of  the  soil.  The  cuttings  root 
quickly  and  the  new  plants  which  result  are  grown  in  the  nursery  rows 
for  one  or  two  seasons  before  they  are  used  for  planting.  A  few  plants 
for  home  use  may  be  propagated  from  layers.  The  stems  are  bent  down 
and  covered  with  soil  leaving  only  the  tips  exposed.  This  is  best  done 
in  early  spring.  A  good  root  system  will  have  developed  on  the  buried 
portion  by  fall.  It  may  then  be  detached  from  the  old  plant  and  set  out 
in  a  permanent  location. 


Pig.  2. — Cuttings  of  Currants  and  Gooseberries  prepared  for  winter  storage. 
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Choseherriea  are  propagated  from  cuttings  and  by  layering.  The 
method  of  propagation  from  cuttings  is  the  same  as  described  for  the 
currant.  Many  varieties  do  not  root  readily  from  cuttings,  and  they 
are  commonly  propagated  by  mound  layering.  When  this  is  practiced, 
the  bushes  are  cut  back  severely  in  the  faU.  This  induces  the  growth 
of  a  large  number  of  strong  vigorous  young  shoots  the  following  season. 
About  the  middle  of  July,  when  the  shoots  have  nearly  completed  their 
growth,  soil  is  heaped  up  around  and  through  the  bushes  leaving  only 
the  tips  of  the  shoots  exposed  above  the  mound.  Each  shoot  becomes 
rooted  and  may  then  be  handled  as  a  separate  plant.  Shoots  of  the 
American  varieties  produce  good  roots  the  same  season  and  the  separate 
plants  may  be  removed  from  the  mound  and  transplanted  in  the  fall  or 
they  may  be  left  until  the  following  spring.  Those  of  the  English  varie- 
ties require  a  longer  time  to  produce  a  satisfactory  root  system  and  are 
left  in  the  mound  two  seasons  before  separating.  The  rooted  shoots  are 
removed  from  the  mounds  and  planted  immediately  or  more  commonly 
they  are  transplanted  to  nursery  rows  and  grown  for  one  or  two  seasons 
before  they  are  used» 

PLANTING 

Soil  Preparation.  Thorough  preparation  of  the  soil  is  important.  The 
land  should  be  well  manured  and  plowed  deeply  and  the  soil  prepared 
by  disking  and  harrowing  until  it  is  in  a  fine  mellow  condition  to  re- 
ceive the  plants.  Well  rotted  stable  manure  applied  in  the  fall  or  early 
spring  and  thoroughly  worked  into  the  soil  in  its  first  preparation  helps 
to  put  it  in  a  good  water-holding  condition  and  insures  a  quick,  vigorous 
growth  of  the  plants  the  first  season.  In  places  where  manure  cannot 
be  obtained  the  soil  should  be  built  up  by  plowing  under  clover  or  other 
leguminous  crops.  Sod  lands  should  be  broken  up  and  planted  to  some 
cultivated  crop  at  least  a  year  before  the  plants  are  set.  Quack  grass 
and  other  troublesome  weeds  must  be  destroyed  for  there  is  nothing  which 
will  run  out  a  plantation  of  currants  or  gooseberries  quicker  than  to 
allow  quack  grass  to  get  in. 

Distance  of  Planting.  The  distance  of  planting  currants  and  goose- 
berries depends  upon  the  fertility  of  the  soil  and  the  habit  and  vigor 
of  the  variety  grown.  They  are  commonly  planted  four  feet  apart  in 
rows  six  feet  apart.  This  allows  for  cultivation  in  one  direction  and 
occasional  cross  cultivation  when  necessary  to  clean  out  the  rows.  If 
it  is  desired  to  cultivate  both  ways  a  distance  of  five  feet  apart  each  way 
is  satisfactory  for  the  smaller  growing  varieties,  while  six  by  five,  or 
six  by  six  feet  will  be  found  a  better  distance  for  those  of  a  more  spread- 
ing and  vigorous  habit.  Black  currants  are  strong  growers  and  should 
be  given  a  little  more  space  then  the  reds. 

Time  of  Planting.  The  best  time  to  plant  currants  or  gooseberries 
is  in  the  faU,  though  they  may  be  planted  with  satisfactory  results  in  the 
spring  if  the  work  is  done  early.  The  plants  may  be  set  any  time  after 
the  leaves  drop  or  the  wood  ripens  in  the  fall,  and  if  they  are  set  fairly 
early,  there  is  time  for  the  plants  to  become  well  established  before 
freezing  weather  sets  in.  They  are  then  ready  to  commence  growth  as 
soon  as  the  first  favorable  conditions  are  present  in  the  spring.  The 
chief  objection  to  spring  planting  is  that  it  is  liable  to  be  ddayed  until 
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after  the  buds  start  to  grow  and  the  first  season's  growth  may  be  seriously 
checked.  Plants  which  are  set  in  the  fall  or  very  early  in  the  spring  al- 
ways make  a  much  larger  growth  the  first  season  than  those  which  are 
set  after  the  buds  have  expanded  into  leaves. 

Choice  of  Plants,  Either  one  or  two-year-old  plants  may  be  set.  Good 
strong,  well-rooted  one-year-old  plants  are  cheaper  and  have  some  ad- 
vantages in  setting  over  the  two-year-old  plants.  The  younger  plants 
are  more  easily  set;  they  suffer  less  from  transplanting,  and  they  are 
morB  certain  to  make  a  strong  vigorous  plant  than  if  left  crowded  too 
long  in  the  nursery  row. 

Setting  the  Plants.  If  a  considerable  number  of  plants  are  to  be  set 
the  land  should  be  thoroughly  prepared,  marked  both  ways,  and  a  furrow 
run  in  one  direction.  The  plants  are  then  set  at  the  intersection  of  the 
furrow  and  mark. 

Prune  all  badly  injured  roots,  and  set  the  plants  at  least  one  or  two 
inches  deeper  than  they  stood  in  the  nursery  row.  Pack  the  soil  firmly 
to  bring  it  in  close  contact  with  the  roots  and  leave  a  layer  of  loose  soil 
on  the  surface  to  act  as  a  mulch  and  prevent  the  packed  soil  beneath 
from  drying  out.  When  a  few  plants  are  to  be  set  in  the  home  garden 
it  is  best  to  dig  the  holes  large  enough  so  that  the  roots  of  the  plants 
can  be  well  spread  out  and  deep  enough  so  that  some  of  the  rich  top 
soil  may  be  placed  beneath  and  around  the  roots. 

CULTIVATION 

Thorough  and  frequent  cultivation  is  necessary  to  conserve  moisture 
and  keep  the  soil  cool.  Tillage  should  begin  early  in  the  spring  by  shallow 
plowing  or  discing  and  the  surface  soil  kept  in  a  fine,  loose  condition 
by  frequent  stirring  with  light  fine-toothed  implements  during  the  sum- 
mer. While  the  plants  are  young  cultivation  between  the  rows  may  be 
fairly  deep  but  later  cultivation  should  be  shallow  to  avoid  injury  to  the 
feeding  roots  which  are  produced  in  abundance  near  the  surface.  Culti- 
vation should  be  discontinued  soon  after  the  fruit  is  picked  and  a  cover 
crop  sown.  Oats  or  barley  sown  at  the  rate  of  two  bushels  per  acre  make 
the  best  cover  crop  for  this  purpose. 

In  the  home  garden  where  cultivation  is  inconvenient  the  plants  may 
be  mulched  with  coarse  strawy  manure,  lawn  rakings,  or  similar  ma- 
terial. This  will  help  to  conserve  moisture  and  keep  the  soil  cool.  The 
currants  and  gooseben-ios  succeed  well  when  heavily  mulched  and  for 
this  reason  they  may  be  planted  in  out  of  the  way  places  in  the  garden 
where  cultivation  cannot  be  given. 

FERTILIZING 

Currants  and  gooseberries  require  large  amounts  of  plant  food  and  as 
the  feeding  roots  are  shallow  and  do  not  extend  far  it  must  be  readily 
available  and  close  at  hand.  Thorough  cultivation  and  manuring  are 
important.  Stable  manure  is  the  best  fertilizer  and  it  is  diflScult  to 
apply  too  much  in  growing  these  fruits.  Young  plantations  need  not 
be  fertilized  heavily,  but  after  the  plants  begin  to  bear  fruit  heavy  an- 
nual dressings  of  well-rotted  manure  should  be  applied,  preferably  in  the 
fall  or  winter,  to  keep  them  in  a  good  productive  condition. 
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Commercial  fertilizers  may  be  used  to  supplement  stable  manures. 
Muriate  or  sulphate  of  potash  applied  at  the  rate  of  100  or  200  pounds 
per  acre  sometimes  increases  the  production  and  quality  of  the  fruit.  If 
necessary  to  depend  upon  commercial  fertilizers  as  a  source  of  plant 
food  one  containing  3%  available  nitrogen,  10%  available  phosphoric 
acid  and  4%  available  potash,  applied  at  the  rate  of  500  to  1000  pounds 
per  acre,  is  recommended.  However,  in  using  commercial  fertilizers  it 
should  be  remembered  that  they  add  only  the  mineral  elements  to  the 
soil,  and  it  is  therefore  necessary  to  employ  the  use  of  stable  manure, 
or  cover  crops,  each  year  to  maintain  a  good  supply  of  humus  which  is 
highly  important  in  growing  these  fruits. 

PRUNING 

Proper  and  systematic  pruning  is  important.  When  the  plants  are 
set  the  tops  should  be  cut  back  slightly  and  the  bush  balanced  up  as 
much  as  possible.  Some  pruning  is  usually  necessary  at  the  close  of  the 
first  season  after  planting  to  shape  the  bush  and  regulate  the  number  of 
main  stems  to  be  left. 

About  six  stems  should  be  selected  and  all  others  cut  out.  Those  left 
should  be  headed  back  so  that  they  are  all  of  a  uniform  length.  No 
further  pruning  will  be  necessary,  except  to  keep  the  plants  thinned  out 
to  a  desired  form  and  any  straggling  branches  headed  in,  until  the  close 
of  the  fourth  season.  Some  of  the  old  wood  should  then  be  removed.  In 
pruning  bearing  plants  it  should  be  kept  in  mind  that  the  best  fruit  is 
borne  at  the  base  of  the  one-year-old  shoots  and  on  spurs  which  develop 
from  two  and  three-year-old  canes.  Pruning,  therefore,  should  consist  in 
cutting  out  all  the  oldest  canes  each  year  and  thinning  out  the  new 
shoots  leaving  only  a  few  of  the  strongest  ones  to  replace  the  older  bear- 
ing canes.  A  good  bush  should  have  from  five  to  eight  bearing  canes, 
the  number  depending  on  the  fertility  of  the  soil  and  the  vigor  of  the 
variety.  It  should  be  the  aim  in  all  subsequent  pruning  to  provide  this 
number  of  canes  two  and  three  years  of  age,  and  a  good  supply  of  young 
ones  coming  in  to  take  their  places.  Very  vigorous  young  shoots  are 
sometimes  headed  in  to  induce  the  development  qf  spurs  along  all  parts 
of  the  stem.  All  branches  tending  to  lie  on  the  ground  should  be  re- 
moved and  the  center  of  the  bushes  kept  somewhat  open  by  removing 
all  crowding  and  interfering  branches.  Do  not  leave  the  bushes  too 
thick.  This  is  a  common  mistake  in  pruning  these  fruits.  Larger  ber- 
ries and  better  filled  bunches  are  secured  and  the  fruit  is  more  easily 
harvested  if  the  bushes  are  not  allowed  to  become  too  dense. 

Black  currents  bear  the  most  fruit  on  the  one-year-old  canes.  There- 
fore^ in  pruning  them  the  aim  should  be  to  keep  up  a  good  supply  of 
young  shoots.    The  wood  must  practically  be  renewed  each  year. 

Pruning  may  he  ihme  any  time  during  the  dormant:  season,  bnt  it  is 
perhaps  better  to  do  the  work  during  late  winter  or  very  early  in  the 
spring  before  growth  starts. 

In  pruning  it  is  important  to  watch  for  any  indications  of  the  cane 
borer.  A  cane  with  a  black  center  and  somewhat  hollow  indicates  the 
work  of  the  borer  and  such  a  cane  should  be  cut  back  until  sound,  healthy 
pith  is  reached. 
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Fig.  3. — Currant  before  and  after  pruning. 
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Gig.  4.-^oo8eberry  before  and  after  pruning. 
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HARVESTING 

Currants  which  are  harvested  for  market  purposes  should  be  picked 
and  handled  with  care.  The  berries  should  not  be  stripped  from  the  stem 
but  taken  from  the  bush  with,  the  clusters  intact.  The  fruit  should  be 
dry  when  picked  and  not  over-ripe.  For  nearby  markets  or  for  home 
use,  they  may  be  left  on  the  bushes  until  nearly  ripe  but  for  shipments  to 
a  distant  market  the  fruit  should  be  picked  while  still  very  firm  though 
well  colored.  The  fruit  is  picked  greener  for  jelly  than  for  canning,  a 
few  green  berries  showing  on  each  cluster. 

Gooseberries  are  practically  always  marketed  in  the  green  state.  The 
thorny  nature  of  the  bushes  makes  picking  rather  difficult,  but  if  the 
branch  is  lifted  with  one  hand  and  the  fruit  picked  with  the  other  there 
is  little  trouble  as  the  fruit  is  found  mostly  on  the  lower  side  of  the 
branch.  On  a  commercial  scale  the  fruit  is  usually  stripped  from  the 
bushes, — the  pickers  wearing  heavy  gloves, — ^and  run  through  a  fanning 
mill  to  remove  the  leaves. 

Currants  and  gooseberries  are  commonly  marketed  in  quart  boxes  which 
are  packed  in  the  ordinary  sixteen-quart  crate  for  shipment. 

LIFE  OP  PLANTATION 

With  good  care  and  proper  pruning,  currants  and  gooseberries  may  be 
kept  in  a  profitable  condition  for  many  years,  but  it  is  better  to  set 
out  new  plants  on  a  new  site  every  eight  to  twelve  years.  The  bushes  will 
live  and  bear  some  fruit  much  longer  than  this,  but  they  will  not  be  as 
vigorous  and  productive  as  younger  plants.  The  bushes  become  crowded 
and  harder  to  manage  as  they  get  older  and  the  fruit  deteriorates  in  size. 
Young  plants  are  so  much  more  vigorous  and  productive  that  they  soon 
more  than  repay  the  cost  of  planting.  Old  bushes  in  the  home  garden 
may  sometimes  be  rejuvenated  by  cutting  off  all  the  canes  close  to  the 
ground  and  giving  a  heavy  application  of  well  rotted  manure. 

INJURIOUS  INSECTS  AND  DISEASES 

There  are  many  insects  and  diseases  which  attack  the  currants  and 
gooseberries  but  fortunately  only  a  few  do  sufficient  damage  to  become 
seriously  important  in  Michigan.  Brief  descriptions  of  the  more  common 
ones  and  measures  for  their  control  are  mentioned  here. 

INSECTS 

Approved  by  the  Department  of  Entomology. 

The  most  important  insects  injurious  to  the  currants  and  gooseberries 
are  the  San  Jose  scale,  currant  borer,  currant  worm,  nnd  the  currant 
plant  louse. 

San  Jose  Scale,  This  insect  is  often  a  serious  pest  on  the  currants  and 
if  left  without  any  effort  to  control  them  soon  kill  the  plants.  The 
scales  are  about  the  size  of  a  pin  head  and  when  badly  infested  the  twigs 
have  an  ashy  appearance.  Currant  bushes  should  be  frequently  inspected 
for  this  insect  especially  in  localities  where  it  is  known  to  exist  and  if 
any  are  found,  the  bushes  should  be  thoroughly  sprayed  early  in  the 
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Hpring  before  growth  starts  with  commercial  lime-snlphnr  solution  di- 
luted at  the  rate  of  one  gallon  to  eight  of  water. 

Currant  Borer,  Currants  are  often  attacked  by  a  borer  which  in- 
jures or  kills  the  canes.  In  early  summer  a  blue  wasp-like  moth  lays 
eggs  near  the  tip  of  the  shoot.  The  white  larvae  or  "grubs"  bore  into  the 
stem  and  then  burrow  down  through  the  pith.  They  become  nearly  full 
grown  by  fall,  and  winter  over  in  the  canes.  The  infested  canes  put  out 
a  sickly  foliage  the  following  spring. 

Control.  Cut  out  and  burn  the  infested  canes  when  pruning  in  the 
spring.    Do  not  allow  very  old  canes  to  remain  on  the  plant. 

Currant  Worm  or  Currant  ^awfly.  This  is  a  common  pest  of  the  cur- 
rant and  gooseberry.  A  small  fly  lays  eggs  on  the  under  side  of  the  leaves, 
the  larvae  or  "worms"  are  at  first  white,  later  green  with  black  spots  and 
finally  green  tinged  with  yellow.  When  full-grown  they  are  nearly  three- 
fourths  of  an  inch  in  length.  They  feed  on  the  leaves  and  when  nearly 
full  grown  are  very  destructive,  and  will  strip  a  bush  in  a  few  days.  Cur- 
rant and  gooseberry  bushes  should  be  examined  often  especially  the  lower 
leaves  where  they  first  appear. 

Control.  Early  in  the-  season  they  may  be  destroyed  by  spraying  with 
one  pound  of  arsenate  of  lead  powder  or  two  pounds  of  the  paste  in  50 
gallons  of  water;  or  calcium  arsenate  powder,  1  part  to  5  or  6  of  flour  or 
hydrated  lime,  applied  with  a  "dust  gun"  is  vei-y  effective. 

Currant  Plant-Louse.  The  leaves  of  currants  and  gooseberries  are 
often  attacked  by  green  soft-bodied  lice  which  feed  on  the  under  surface 
of  the  leaves.  They  appear  early  in  the  season  but  often  are  not  noticed 
until  much  damage  is  done.  The  leaves  become  curled  and  distorted  and 
the  upper  surface  turns  a  bright  red. 

Control.  The  insects  can  be  killed  by  spraying  if  it  is  done  early  be- 
fore the  leaves  begin  to  curl.  Tobacco  extract  (40%  nicotine  sulphate) 
used  at  the  rate  of  one  fluid  ounce  to  8  gallons  of  water,  in  which  4  ounces 
of  laundry  soap  has  been  dissolved,  is  the  best  remedy.  It  is  very  im- 
portant to  spray  the  under  side  of  the  leaves  thoroughly,  and  each  insect 
must  be  hit  with  the  solution  to  kill  it. 

DISBASES 

Approved  by  the  Department  of  Botany. 

(Joosrhrrry  Mildew.  This  is  a  common  and  most  serious  fungous  disease 
affecting  the  gooseberry.  It  attacks  the  English  varieties  especially. 
It  sometimes  attacks  the  American  varieties  and  occasionally  the  cur- 
rants. It  is  first  noticed  on  the  young  leaves  and  new  growth  and  then 
spreads  to  the  young  fruits.  All  the  diseased  parts  are  covered  with  a 
white  powdery  substance  which  later  in  the  season  turns  brown  and 
thickens  forming  a  dense  felty  coat  over  the  affected  parts.  The  whole 
plant  may  be  seriously  checked  or  even  killed  by  the  successive  attacks. 
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Control.  Can  be  controlled  by  spraying  with  44-60  Bordeaux  mixture 
or  commercial  lime-sulphur  diluted,  1  gallon  to  40.  Make  the  first  ap- 
plication when  the  buds  open  and  later  every  ten  days  until  at  least  five 
applications  have  been  made. 


Fig.  5. — ^AnthracnoBe  on  currant  and  gooseberry  leayes.     (Courtesy  of  Botanical  Department) 

Anthracnose,  This  is  a  fungous  disease  which  is  also  known  as  leaf 
spot  or  leaf  blight.  Small  dark  brown  circular  spots  are  produced  on 
the  leaves  chiefly  on  the  upper  surface.  The  leaves  become  a  sickly  yel- 
low color  and  fall  off  early  which  prevents  the  proper  ripening  of  the 
wood  and  the  formation  of  fruit  buds  for  the  next  year. 

Control.  Bordeaux  mixture  4-4-50  or  lime-sulphur  solution  1-40  is  very 
effective.  Make  the  first  application  when  the  leaves  are  unfolding  and 
later  at  intervals  of  10  to  20  days  until  5  or  6  sprayings  have  been  made. 

SPRAYING 

Disease  and  insect  pests  of  the  currant  and  gooseberry  appear  each 
year  and  systematic  annual  spraying  with  the  proper  materials  is  neces- 
sary to  secure  best  results.  The  materials  used  for  the  treatment  of  in- 
sects and  diseases  may  be  so  combined  that  one  spraying  will  answer  for 
both  and  if  properly  applied  at  the  right  time  very  little  trouble  should 
be  experienced  in  keeping  them  under  control.  The  following  program  is 
recommended  as  a  general  treatment  for  these  fruits. 
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If  San  Jose  Scale  is  found,  spray  iefore  gr^noth  starts  with  commer- 
cial, lime-sulphup  solution  diluted  one  gallon  to  eight  or  ten  with  water. 

Just  OfS  the  leaves  are  expanding,  spray  with  4-4-50  Bordeaux  mixture 
or  commercial  lime-sulphur  (diluted  1  gallon  to  40)  and  2  pounds  of  lead 
arsenate  paste,  or  1  of  the  powder  to  every  50  gallons. 

If  the  Currant  Plant-Louse  is  present,  add  one-half  pint  of  Black  Leaf 
40  to  each  50  gallons  of  mixture. 

Repeat  this  spraying  when  the  fruit  is  about  one-fourth  grown. 

If  worms  trouble  after  this,  use  fresh  hellebore,  1  ounce  to  1  gallon  of 
water  or  as  a  dry  application  1  pound  in  5  pounds  of  flour  or  hydrated 
lime. 

If  the  Anthracnose  or  Gooseberry  Mildew  are  troublesome,  make  addi- 
tional sprayings  with  dilute  lime-sulphur  or  4-4-50  Bordeaux  mixture 
every  ten  days  or  two  weeks  until  near  picking  time  and  another  imme- 
diately after  the  fruit  is  picked. 


VARIETIES  RECOMMENDED 

GOOSBBERRIBS 

The  American  varieties  are  grown  much  more  extensively  than  the 
English  varieties  in  this  country.  They  are  comparatively  free  from 
mildew  and  usually  more  productive.  The  leading  varieties  are  the 
Downing,  Houghton,  Pearl,  and  Josselyn. 

The  Downing  is  the  most  important  commercial  variety.  The  bushes 
are  strong,  vigorous  growers  and  very  productive.  The  fruit  is  of  good 
size  and  yellowish-green  in  color.  Excdlent  in  flavor  and  quality.  One 
of  the  best. 

The  Houghton  is  a  very  profitable  variety.  The  fruit  is  of  medium 
size  and  pale  red  in  color,  but  is  not  as  large  and  attractive  as  that  of 
the  Downing.  The  bushes  are  very  vigorous  and  productive,  and  free 
from  disease. 

The  Pearl  is  a  cross  between  the  Downing  and  an  English  variety.  It 
very  closely  resembles  the  Downing  and  is  highly  recommended.  In  some 
places  is  superior  to  the  Downing. 

The  Josselyn  (American  Red  Jacket)  is  very  prolific  and  a  vigorous 
grower.  The  berries  are  medium  to  small  iji  size,  pale  red  in  color  and 
of  good  flavor  and  quality.    One  of  the  best  red  varieties. 

The  English  varieties  are  not  grown  extensively  in  this  country  on  ac- 
count of  their  susceptibility  to  mildew.  They  are  not  as  productive  as  the 
American  varieties,  but  the  fruit  on  most  of  the  varieties  is  large  and 
attractive  in  appearance.    The  following  varieties  are  recommended : 

Industry.  One  of  the  best  known  of  the  English  varieties.  The  bushes 
are  vigorous  and  quite  productive*    The  fruit  is  very  large,  dark  red 
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Fig.  6. — Downing. 
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F^lff.   7. — Pearl. 
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Pig.  8. — Houghton. 
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when  ripe,  and  quite  hairy.    Supposed  to  be  somewhat  more  free  from 
mildew  than  other  English  sorts. 

Chautauqua.  The  bush  is  very  vigorous  and  productive.  The  fruit  is 
very  large,  smooth,  pale  green  in  color  and  of  very  best  quality.  One  of 
the  best  for  home  use. 

Columbus.  Bush  upright,  vigorous  and  fairly  productive.  Fruit  large, 
smooth,  greenish  yellow.  Very  good.  Quite  free  from  mildew.  Consider- 
ed one  of  the  healthiest  of  the  English  varieties. 


Pig.   9. — Industry. 


RED  CURRANTS 


Perfection.  A  comparatively  new  variety  which  has  become  very  popu- 
lar among  the  growers  in  the  State.  The  berries  are  large,  bright  red 
and  are  borne  on  medium-sized  well-filled  clusters.  The  bushes  are 
strong  growers,  somewhat  spreading  and  very  productive.  One  of  the 
best  for  home  or  market  purposes. 

Fay  {Fay's  Prolific),  A  well-known  market  variety  on  account  of  its 
productiveness  and  large  handsonte  berries.  Early.  Does  best  on  a 
heavy  soil. 

London  Market.  A  well-known  variety  which  has  been  quite  extensively 
planted  in  the  state.  The  bushes  are  tall,  slightly  spreading,  very  vig- 
orous and  productive.    Berries  medium  in  size,  dark  red,  quality  good. 
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Red  Cross.  One  of  the  newer  varieties  which  is  desirable  on  account 
of  the  large  size  of  the  fruit  and  its  productiveness.  The  bushes  are  tall, 
vigorous  and  very  healthy.  The  berries  are  bright  red,  juicy,  and  have 
a  mild,  pleasant  flavor. 

Red  Dictch,  One  of  the  oldest  varieties  and  still  grown  by  some ;  ver^ 
productive  but  not  desirable  on  account  of  the  small  size  of  the  fruit. 

Prince  Albert.  A  good  late  variety  which  is  a  favorite  with  many 
growers  but  is  not  generally  grown.  It  is  a  strong  grower  and  produc- 
tive. The  fruit  is  medium  in  size,  light  red  and  is  borne  in  short,  well- 
filled  bunches. 

Wilder.  A  very  strong  and  vigorous  grower  and  quite  productive.  The 
fruit  is  large  and  attractive  in  appearance.  Kipens  about  the  same  time 
as  the  Fay  but  hangs  on  well  for  late  picking. 

BLACK  AND  WHITE  CURRANTS 

The  black  and  white  currants  are  little  grown  in  the  state.  There  is 
practically  no  demand  for  them  on  the  markets  and  they  .are  not  recom- 
mended for  planting  except  for  home  use.  The  fruit  of  the  white  cur- 
rants is  generally  milder  in  flavor  than  that  of  most  of  the  reds,  but  does 
not  make  an  attractive  jelly.  The  White  Grape  is  probably  the  most 
satisfactory  variety  of  this  type.  The  black  currants  are  generally  un- 
productive and  the  strong  musky  odor  is  disagreeable  to  many.  They 
make  good  jams  and  jellies  and  are  highly  appreciated  by  those  who  have 
learned  to  use  them.    Black  Champion  is  one  of  the  best  varieties. 
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Circular  No.  39 


Supplement  to  Special  Bulletins  Nos.  58  and  64 

BY  B.  F.  KINDIG 

In  addition  to  the  subject  matter  treated  in  Special  Bulletins  numbers 
58  and  64,  we  desire  to  add  the  following  information  relating  to  the 
cure  or  control  of  European  foul-brood.  Attention  is  especially  directed 
to  the  disease  resistant  qualities  of  the  best  grade  of  Italian  stock. 
Among  them  foul-brood  does  not  cause  serious  damage  in  such  colonies 
as  are  kept  strong  at  all  times  and  there  is  a  gradual  decline  in  the  num- 
ber of  colonies  affected  in  yards  where  the  best  bee-keeping  practices  are 
in  operation. 

The  Italian  race  of  bees  is  the  only  one  which  has  proved  itself  re- 
sistant to  European  foul-brood  and  is,  also,  the  most  tractable  and  at 
the  same  time  the  most  profitable  from  the  standpoint  of  honey  produc- 
tion. The  disease  is  widely  scattered  over  the  state  and  the  predominat- 
ing race  of  bees  is  so  largely  Black,  that  it  seems  at  present,  that  the 
most  vital  need  of  Michigan  bee-keepers  is  the  eradication  of  the  Black 
bees  and  the  complete  Italianization  of  all  colonies.  Not  all  Italian 
queens  come  from  colonies  or  apiaries  of  resistant  stock.  Beekeepers 
should  not  purchase  their  queens  except  from  reliable  breeders.  After 
testing  a  number  of  queens  in  the  yard  for  a  year  in  order  to  observe 
which  are  the  most  resistant  to  disease;  which  are  most  tractable;  and 
which  are  most  profitable  from  the  standpoint  of  production;  then,  the 
one  queen  which  measures  up  in  the  highest  degree  to  the  standard  set 
should  be  used  as  a  queen-mother  from  which  to  rear  sufficient  young 
queens  for  requeening  the  entire  yard  and  all  other  colonies  in  the  neigh- 
borhood. Unless  the  colonies  in  the  vicinity  of  the  apiary  are  also  re- 
queened,  the  stock  is  likely  to  soon  degenerate  because  of  the  admixture 
of  Black  blood.  A  few  queens  should  be  purchased  from  year  to  year 
from  reliable  breeders,  and  should  be  carefully  tested  along  with  those 
reared  in  the  yard  -and  any  other  breeding  queens  selected. 

When  colonies  of  Italian  bees  are  allowed  to  become' weak,  then  the 
characteristic  resistance  is  greatly  diminished  or  lost.  Therefore,  strength 
of  colony  is  a  matter  equally  as  important  as  Italian  blood  but  does 
not  at  all  take  the  place  of  Italian  stock.  Strength  of  colony  and  Italian 
stock  must  both  be  present  in  all  colonies  at  all  times  in  order  to  success- 
fully resist  or  eradicate  European  foul-brood.  When  the  disease  is  present 
in  an  apiary  of  Black  or  hybrid  blood,  Italianizing  and  the  doubling 
up  of  weakened  colonies  until  strong  colonies  are  made,  should  be 
done  at  the  same  time  and  at  the  very  earliest  opportunity  possible  in 
order  to  bring  the  disease  under  control.  If  it  is  necessary  to  wait  for 
some  time  in  securing  the  Italian  queens,  then  it  is  recommended  that 
the  Alexander  Treatment  hereafter  described  be  used. 
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No  method  of  handling  the  disease  from  year  to  year  can  be  successful 
unless  that  method  takes  cognizance  of  and  embodies  within  it  the  best 
recognized  and  established  principles  of  good  beekeeping.  A  number 
of  the  best  beekeepers  in  the  state  give  but  little  attention  to  European 
foul-brood  from  year  to  year  because  they  have  in  their  yards  selected 
Italian  stock  and  practice  the  best  known  methods  of  beekeeping.  In 
this  connection  it  may  be  well  to  mention  a  few  essentials  of  good  bee- 
.  keeping :  viz.  pure  Italian  stock  of  greatest  vigor  and  productiveness,  no 
queens  over  two  years  of  age  at  any  time,  the  wintering  of  the  bees  so 
well  that  the  colonies  are  strong  and  vigorous  in  the  early  spring,  and 
an  abundance  of  stores  at  all  times. 

METHOD  OF  TREATING  EUROPEAN. POUL-BROOD 

The  Miller  Treatment. — ^The  following  is  quoted  from  Dr.  Miller  in 
the  "ABC  &  XYZ  of  Bee  Culture";  "First,  no  matter  whether  the  case 
be  severe  or  mild,  make  the  colony  strong.  In  a  severe  case,  kill  the 
queen  ^  and  as  soon  as  the  colony  recognizes  its  queenlessness,  say  within 
24  hours,  give  a  ripe  queen  cell,  or,  immediatrfy  at  the  time  of  killing 
the  queen,  give  a  virgin  not  more  than  a  day  old  or  a  cell  in  a  protector. 
That's  all;  the  bees  will  do  the  rest.  In  a  mild  case,  make  the  colony 
strong,  and  cage  the  queen  in  the  hive  for  a  week  or  ten  days— only 
that.  But  don't  expect  the  disease  to  be  at  once  and  forever  stamped 
out.  Last  year  I  had  the  disease  in  a  mild  form  in  about  one  colony  in 
four;  this  year  in  about  one  in  twenty." 

In  classifying  various  degrees  of  severity  of  an  attack  of  European 
foul-brood.  Dr.  Miller  stated  the  following  recently  in  an  editorial :  "If 
less  than  one  per  cent  of  the  larvae  are  diseased,  it  is  a  very  mild  case ; 
if  one  to  ten  per  cent,  mild;  10  to  35,  medium;  35  to  50,  bad;  and  beyond 
50,  very  bad." 

Dr.  Miller  further  states  in  response  to  the  question:  "What  do  you 
do  to  save  the  combs?"  "Nothing.  Just  use  them  the  same  as  if  there 
had  been  no  disease.  Vigorous  bees  with  a  vigorous  queen  will  dean 
them  out.  Spores  may  be  left,  and  here  and  there  the  disease  may 
break  out  again;  but  in  the  long  run  the  loss  will  be  less  than  if  the 
combs  were  destroyed,  and  .possibly  the  returns  of  the  disease  will  be 
no  more  frequent  than  if  all  combs  were  destroyed.  In  my  own  apiary 
I  think  there  were  no  more  fresh  outbreaks  where  the  old  combs  were 
left  than  where  the  bees  were  thrown  upon  foundation." 

This  treatment  is  not  to  be  used  in  apiaries  of  Black  or  hybrid  bees. 
The  colonies  must  be  vigorous  Italians  or  be  given  a  cell  or  queen  from 
vigorous  Italian  stock  before  one  can  expect  to  make  progress  against  the 
disease. 

Alexander  Treatment. — Double  up  all  diseased  colonies  until  strong 
colonies  are  secured.  Kill  the  queens  and  keep  the  colonies  queenless  for 
20  days.  Then  introduce  into  each  a  ripe  cell  or  a  recently  hatched 
virgin.  Such  a  long  period  of  queenlessness  is  not  necessary  except  in 
colonies  where  the  disease  has  progressed  to  the  point  where  most  of  the 
larvae  are  dead.  The  period  of  queenlessness  should  be  determined  by 
the  length  of  time  it  takes  a  colony  to  clean  out  ALL  of  the  diseased, 
dead  larvae.    When  the  combs  are  free  from  such  dead  larvae,  then  it  is 
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safe  to  introduce  a  cell  or  a  virgin  queen.  In  colonies  where  only  a 
dozen  or  so  larvae  are  aflfected,  the  caging  of  the  queen  for  a  few  days 
usually  controls  the  disease. 

McEvoy  Treatment  together  with  Requeening. — This  treatment  is  de- 
scribed in  Special  Bulletin  64,  page  4,  under  the  heading  of  "European 
foul-brood."  This  method  of  treatment  is  obsolete  and  should  not  be 
considered  or  practiced  unless  both  of  the  methods  described  above  have 
proved  unsatisfactory.  In  that  case,  get  in  touch  with  the  State  In- 
spector of  Apiaries,  East  Lansing,  Mich. 

B.  F.  KINDIO, 
Department  of  Entomology. 
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Circular  No.  40 


BY  E.  T.  HALLMAN,  ANIMAL  PATHOLOGIST. 

It  is  believed  that  abortion  is  most  frequently  introduced  into  the  herd 
through  the  purchase  of  pregnant  or  recently  freshened  cows  although  it 
may  be  introduced  by  breeding  to  a  neighbor's  bull,  and  perhaps  in  other 
ways  not  yet  fully  understood.  Newly  purchased  females,  though  they  do 
not  abort,  may  be  carriers-  of  the  infection. 

When  abortion  manifests  itself  in  a  herd,  immediate  steps  should  be 
taken  to  ascertain  if  it  is  infectious.  This  is  best  determined  by  a  blood 
examination.  Any  one  may  have  this  test  made  by  sending  about  one 
ounce  of  blood  from  each  animal  to  be  tested  to  the  Bacteriological  De- 
partment, East  Lansing,  Michigan. 

When  abortion  first  manifests  itself  in  a  herd  many  dairymen  are 
tempted  to  sell  for  beef  the  aborting  animals,  thinking  that  the  infec- 
tion may  be  eliminated  in  this  way. 

It  is  not  advisable  to  attempt  to  elimiiiato  the  iufoction  in  this  way. 
There  are  two  reasons  why  this  is  so.  First,  the  extent  of  infection  in 
a  herd  cannot  be  measured  by  the  number  of  abortions  since  many  in- 
fected animals  carry  their  calves  to  maturity;  and  second,  when  many 
animals  are  sold  for  this  reason  it  becomes  necessary  to  purchase  new 
animals  to  maintain  the  herd,  and  in  so  doing  one  is  likely  to  introduce 
a  more  virulent  strain  of  infection  than  already  exists.  If  aborting 
animals  are  properly  handled  they  may  develop  into  regular  breeders 
and  should  not  be  sold  simply  because  they  have  aborted. 

There  are  no  known  cures  for  abortion.  Many  proprietary  prepara- 
tions are  to  be  found  upon  the  market,  both  medicinal  and  the  so-called 
bacterins  and  serums,  but  none  of  these  have  proved  sufficiently  effective 
to  warrant  their  recommendation. 

There  are  no  measures  by  which  the  infection  can  be  completely  and 
surely  eliminated  from  a  herd  other  than  disposal  of  the  entire  herd. 
It  is  more  likely  that  once  the  infection  is  introduced,  it  will  remain  more 
or  less  indefinitely,  but  this  characteristic  of  abortion  should  not  dis- 
courage one  from  going  on  with  the  cattle  bustness. 

There  are  measures  by  which  one  may  reduce  the  percentage  of  abortion 
to  such  an  extent  that  dairying  and  calf  production  may  be  made  profit- 
able. There  will  perhaps  be  a  few  abortions  each  year  but  its  ravages 
may  be  checked.  There  are  no  easily  applied  measures,  but  ones  which 
require  persistent  effort,  not  for  a  week  or  a  month  but  for  the  entire 
time  that  one  remains  in  the  business  of  producing  milk  and  calves. 
The  only  measures  that  have  proved  effective  are  stable  hygiene  and 
disinfection.  '      i  w^llH 

To  enable  one  to  most  effectively  apply  these  measures  one  should 
know  the  ways  by  which  the  abortion  bacilli  are  eliminated  from  the 

•Adapted  from  numbers  1,  2  and  3  of  Quarterly. 
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infected  cow  and  the  ways  by  which  the  microorganisiiis  cuter  the  body 
of  the  susceptible  cow.  The  discharges  from  the  uterus  and  the  milk 
are  the  most  important  of  the  former,  and  with  the  feed  and  water  and 
by  the  bull  and  direct  contact  with  the  floor  the  most  important  of  the 
latter.  In  fighting  abortion  one  must  aim  to  kill  the  micro-organisms  as 
they  leave  the  infected  cow  on  the  one  hand  and  protect  the  feed  and 
water  and  the  bull  against  infection  on  the  other. 

There  is  no  practical  and  certain  way  of  determining  the  exact  number 
of  infected  animals  in  a  herd  and,  if  there  were,  the  conditions  would 
not  be  the  same  a  few  months  later.  Further,  an  infected  animal  that 
gives  birth  to  an  apparently  normal  calf  at  full  term  may  be  as  great  a 
source  of  danger  to  yet  uninfected  animals  as  though  abortion  had 
occurred.  For  these  reasons,  in  adopting  control  measures  that  will  prove 
most  effective,  one  must  apply  these  measures  to  all  animals  of  breeding 
age. 

Daily  disinfection  of  the  hind  parts  of  all  non-pregnant  females  of 
breeding  age  should  be  practiced  until  the  animals  are  safely  in  calf. 
There  are  two  reasons  for  this.  First,  the  uterine  discharges  from  in- 
fected animals  are  constantly  soiling  the  hind  parts  and  udder  of  the  cow 
and  the  barns  and  lots,  and  the  infection  frequently  reaches  the  uterus 
of  non-infected  cows  through  contamination  of  the  external  genitals  from 
infected  animals  and  from  infected  floors. 

With  a  pail  of  some  good  reliable  disinfectant  of  sufficient  strength 
and  a  brush,  one  should  systematically  wash  the  buttocks,  thighs,  root 
of  tail,  external  genitals  and  udder  daily,  until  the  animal  is  known  to 
be  with  calf.  In  addition  to  this  the  gutter  and  floors  of  barn  should 
be  cleaned  daily  and  sprayed  with  an  effective  disinfectant.  A  thirty- 
gallon  spray  mounted  on  two  wheels,  for  convenience  in  moving  from 
one  part  of  the  barn  to  another,  should  be  a  part  oT  the  equipment  of 
every  dairy  barn. 

Since  the  udders  of  a  high  percentage  of  infected  cows  are  infected, 
the  first  few  streams  of  milk  should  not  be  milked  on  the  floor  of  the  bam 
as  is  practiced  in  some  herds,  where  it  is  desired  to  keep  down  the  bac- 
terial count  of  the  milk.  A  separate  container  should  be  provided  for 
this  and  disposed  of  outside  of  the  dairy  bam.  The  practice  of  disinfect- 
ing the  udder  and  floor  daily  should  be  applied  at  all  times,  but  it  is 
[)robably  safe  to  discontinue  disinfection  of  the  other  parts  of  the  cow 
when  it  Is  known  that  she  is  safe  in  calf,  until  approaching  abortion  or 
calving. 

Several  days  before  a  cow  is  to  be  bred,  the  vagina  should  be  douched 
daily  with  three  ounces  of  borax  to  one  gallon  of  warm  water,  using 
about  one  gallon  of  the  solution  for  each  douche.  This  is  more  conven- 
iently done  by  suspending:  a  wire  over  the  gutter,  two  or  three  feet  higher 
than  the  posterior  parts  of  the  cow,  on  which  may  be  hung  an  ordinary 
fountain  syringe.  This  is  connected  with  four  or  five  feet  of  rather  stiff 
rubber  tubing  about  one-half  to  five-eighths  inch  in  diameter.  (A  pure 
gum  horse  stomach  tube  is  very  useful  for  this  purpose.  Your  veter- 
inarian can  get  it  for  you.)  This  is  inserted  as  deeply  into  the  vagina  as 
possible  in  order  to  thoroughly  cleanse  the  mouth  of  the  uterus.  After 
using  the  tube  it  should  be  allowed  to  remain  in  a  pail  of  disinfectant 
three  or  four  minutes  to  disinfect  it  before  using  on  another  animal. 
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The  sheath  of  the  bull  should  be  irrigated  before  and  after  service  with 
borax  solution  and  the  lower  surface  of  the  belly  cleansed  with  the 
disinfectant  used  for  disinfecting  the  external  parts  of  the  cow.  To 
irrigate  the  sheath  use  a  fountain  syringe  attached  to  a  pure  gum  horse 
urinary  catheter.  (Have  your  veterinarian  get  it  for  you.)  The  end 
of  the  catheter  should  be  inserted  three  or  four  inches  into  the  sheath, 
grasping  the  skin  around  the  catheter  with  the  left  hand  so  that  the 
solution  may  be  held  in  the  sheath.  Allow  the  sheath  to  become  mod- 
erately distended  with  the  solution  and  with  the  right  hand  gently 
massage  the  sheath,  forcing  the  solution  into  the  folds  of  the  sheath. 
After  two  to  three  minutes  release  the  left  hand  allowing  the  shealth  to 
empty  itself.  If  this  is  repeated  once  or  twice  the  sheath  may  be  effec- 
tively cleaned.  Very  few  bulls  will  offer  any  resistance  to  this  treatment 
if  gently  handled.  In  the  case  of  a  bad  bull  a  special  stock  should  be  con- 
structed to  hold  him  securely  while  being  treated. 

Two  to  three  weeks  before  the  animal  is  due  to  calve,  resume  the 
daily  disinfecting  of  the  external  parts  of  the  cow  and  a  day  or  two 
before  calving,  or  if  signs  of  abortion  manifest  themselves  remove  the 
cow  to  a  clean,  well-lighted  box  stall,  the  floor  of  which  has  been  pre- 
viously disinfected  and  well  supplied  with  clean  bedding,  and  douche  the 
vagina  daily  with  three  ounces  of  borax  to  one  gallon  of  clean,  mod- 
erately warm  water. 

After  abortion  or  calving  the  afterbirth  should  be  burned  or  buried 
out  of  the  reach  of  dogs  and  the  contaminated  bedding  either  burned  or 
carried  to  fields  not  used  by  cattle.  The  bedding  should  be  changed 
and  the  stall  disinfected  as  frequently  as  necessary  to  keep  clean.  As 
far  as  practicable,  the  attendant  should  stay  out  of  the  stall  and  the 
freshened  cows  should  be  the  last  milked  to  lessen  the  danger  of  carrying 
the  discharges  to  other  cattle  on  the  feet  or  hands  of  the  attendant. 
Contamination  of  the  feed  with  the  discharges  on  the  feet  of  the  attend- 
ant is  probably  one  of  the  most  common  ways  of  infecting  animals. 

The  udder  and  hind  parts  of  the  cow  should  be  cleaned  daily  with 
brush  and  disinfectant  and  the  animal  should  not  be  returned  to  the 
herd  until  the  uterine  discharges  cease.  We  do  not  recommend  douching 
the  vagina  at  this  time,  unless  done*  under  the  recommendation  and 
instruction  of  your  veterinarian,  because  there  is  considerable  danger 
of  infecting  the  uterus  by  improper  methods  of  vaginal  douching,  and 
unless  complications  arise  demanding  the  services  of  a  competent  veteri- 
narian, vaginal  douching,  even  in  cases  of  abortion^  is  not  necessary. 

In  most  herds  affected  with  infectious  abortion  sterility,  sooner  or 
later,  causes  considerable  losses.  Sterility  in  the  cow  is  most  often  due  to 
disease  of  some  one  or  more  of  the  reproductive  organs.  In  a  few  cases 
the  cause  may  be  found  in  the  bull  but,  when  this  trouble  is  associated 
with  abortion  infection,  the  cause  is  to  be  looked  for  most  often  in  the 
cow. 

In  most  cases,  diseases  of  the  uterus  or  cervix  (neck  of  uterus)  is  the 
primary  cause,  but  occasionally  disease  of  the  ovaries  and  less  frequently 
disease  of  the  vagina  is  the  cause. 

There  are  various  grades  of  diseased  conditions  of  the  reproductive 
organs  causing  sterility,  ranging  from  slight  affections,  in  which  the 
animal  comes  in  heat  regularly,  and  appears  quite  normal  to  the  un- 
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trained  man,  to  serious  affections  in  which  there  are  marked  accumula- 
tions of  pus  in  the  uterus  or  degeneration  of  the  ovaries.  Most  of  these 
conditions  are  due  to  bacterial  infections.  Work  at  this  Station  indi- 
cates that  the  abortion  bacillus  is  not  always  the  cause  of  these  con- 
ditions, but  that  several  different  types  of  micro-organisms  may  be  the 
active  cause.  There  is  no  question  but  that  the  abortion  bacillus  is 
often  a  predisposing  factor  in  that  it  enables  other  micro-organisms  to 
become  established.  Whether  the  abortion  bacillus  or  some  other  micro- 
organism is  the  cause,  the  results  are  the  same;  a  mild  or  severe  inflam- 
mation is  set  up  causing  sterility. 

Treatment  of  these  conditions  is  not  so  satisfactory  from  the  stand- 
point of  the  average  dairyman,  as  is  prevention.  There  are  several 
reasons  why  this  is  true.  First,  treatment  of  these  conditions  requires 
much  skill  on  the  part  of  the  veterinarian.  Few  veterinarians  have  had 
the  necessary  training  and  experience  to  acquire  this  skill.  This  is  no 
fault  of  theirs,  since  it  has  been  only  in  the  last  few  years  that  any 
studies  have  been  made  of  the  diseases  of  the  reproductive  organs  of 
cattle.  Second,  to  secure  the  services  of  a  qualified  veterinarian  to  ad- 
minister treatment  as  frequently  as  is  necessary  requires  too  great  an 
expenditure,  except  in  the  case  of  pure  bred  animals.  Third,  treatment 
is  not  always  successful.  There  are  perhaps  two  reasons  for  this.  Many 
of  the  animals  have  been  affected  for  so  long  that  irreparable  changes 
have  occurred  in  the  reproductive  organs  and  it  is  probably  a  fact  that 
we  have  not  yet  learned  the  best  methods  of  treating  the  several  condi- 
tions that  are  met  with.  This  Station  is  now  working  upon  this  problem, 
and  it  is  hoped  that  practical,  effective  measures  will  be  worked  out  in  the 
not  distant  future. 

The  fundamental  principles  involved  in  the  prevention  of  sterility  are 
the  same  as  those  in  the  prevention  of  abortion  and  have  already  been 
discussed.  They  are  the  same  because  the  causative  micro-organisms 
enter  and  leave  the  reproductive  organs  in  much  the  same  way.  In 
addition  to  those  preventive  measures  there  are  a  few  other  measures 
that  should  be  emphasized.  In  herds  affected  with  contagious  abortion, 
it  is  not  safe  to  defer  breeding  animals  any  considerable  time  after  calv- 
ing or  abortion.  The  statement  has  often  been  made  that  an  aborting 
cow  should  not  be  bred  for  at  least  six  to  eight  months  after  abortion. 
There  is  no  foundation  for  this  statement.  If  an  aborting  cow  cleans  up 
weU  after  aborting  it  is  better  to  breed  her  as  soon  as  she  begins  to  come 
in  heat  regularly.  Not  to  do  so  may  result  in  her  acquiring  some  infec- 
tion leading  to  permanent  or  temporary  sterility.  Each  succeeding  heat 
period  affords  an  opportunity  for  infection  to  become  established  in  the 
reproductive  organs  as  some  of  the  changes  associated  with  this  period 
favor  infection.  An  aborting  cow,  or  one  that  has  calved  normally,  should 
not  be  bred  as  long  as  there  is  any  discharge  from  the  uterus,  but  just  as 
soon  as  she  is  in  a  normal  condition,  she  should  be  bred. 

Failure  to  breed  is  often  the  result  of  retention  of  the  afterbirth  or  im- 
proper methods  of  removal  of  the  afterbirth.  This  is  one  of  the  most 
serious  affections  of  the  uterus  and  one  requiring  great  skiU  to  properly 
treat.  It  is  usually  due  ta  infection  in  the  uterus,  not  necessarily  the 
abortion  bacillus,  but  other  disease-producing  micro-organisms  as  well. 
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When  this  complication  arises  in  valuable  animals,  breeders  shonld  secure 
the  best  of  veterinary  service  to  treat  it. 

Failure  to  come  in  heat  in  a  reasonable  .time  (six  to  eight  weeks)  after 
calving  is  usually  due  to  disease  of  some  one  or  more  of  the  reproductive 
organs  and  an  effort  should  be  made  to  determine  the  cause  and  correct 
it  if  possible.  Disease  of  the  reproductive  organs  are  more  effectively 
treated  if  treatment  is  started  early,  than  if  allowed  to  run  on  for  months 
before  an  effort  is  made  to  correct  them. 

Failure  "to  catch,"  after  two  or  more  services  at  regular  intervals, 
is  usually  due  to  some  disease  of  the  reproductive  organs.  The  cause 
should  be  determined  and  removed  if  possible.  Repeated  service  under 
such  conditions  tends  to  aggravate  the  condition. 

Continuous  "heat"  or  irregularity  in  the  "heat  periods"  is  usually  an 
indication  of  ovarian  trouble  and  should  be  treated  at  the  earliest  possible 
time. 

No  general  treatment  of  disease  of  the  reproductive  organs  can  be 
outlined,  but  each  case  must  be  carefully  examined  and  the  treatment 
determined  by  the  condition.  Best  results  will  be  obtained  if  an  early 
diagnosis  is  made  and  treatment  applied.  Long  standing  cases  usually 
fail  to  respond.  For  economic  reaftons,  the  treatment  for  sterility  is  ap- 
plicable only  to  highly  valuable  animals,  but  even  in  these  prevention 
is  worth  more  than  treatment. 
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INTRODUCTION, 

Much  interest  has  been  manifested  in  the  soluble  constituents  ot  the 
soil  for  nearly  three-fourths  of  a  century,  as  a  result  of  which  many 
valuable  contributions  to  our  knowledge  of  the  subject  have  been  made. 
Yet  a  critical  examination  of  the  available  literature  has  led  to  the 
conclusion  that  this^  fundamentally  important  subject  still  remains  a 
fertile  field  for  investigation,  new  and  improved  methods  of  attack 
being  especially  desirable.  Such  phases  as  the  rate  of  solution  of  soils 
under  different  conditions  of  moisture,  temperature,  cropping,  and  sea- 
son as  well  as  the  immediate  and  residual  effect  of  salts  upon  solubility 
should  be  investigated,  and  moreover,  information  concerning  the  con- 
centration of  the  soil  solution  under  field  conditions  as  affected  by  sea- 
son, diffusion,  water  movements,  tillage  and  cropping  is  very  desirable. 
In  view  of  the  situation  the  soil  solution  is  receiving  much  attention  by 
members  of  the  Soils  Section  of  the  Experiment  Station.  Bouyoucos  is 
engaged  in  researches  on  the  rate  and  extent  of  solubility  of  soils  under 
different  conditions  and  treatments,  mainly  from  the  pliysieal  side,  while 
Spurway  is  conducting  very  comprehensive  chemical  studies  of  the  effect 
of  soluble  -salts  on  the  solubility  of  soils.  In  this  report  are  presented 
data  bearing  upon  the  effect  of  salt  movements,  moisture,  temperature 
and  cropping  upon  the  salt  content  of  several  soil  classes. 

The  writers  are  greatly  indebtri]  to  A.  G.  Weldomann  for  valuable  assistance  rendered 
throughout  these  investigations. 
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SOLUBLE  SALT  CONTENT  OP  SOILS  AND  SOME  PACTOES  AP- 

PECTING  IT. 
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BY  M.  M.  m'cOOL  and  C.  E.  MILLAE. 


SALT  MOVEMENT. 


Salt  movements  affect  the  concentration  and  composition  of  different 
layers  of  soil.  By  means  of  the  freezing  point  method  (1)  it  was  shown 
that  the  translocation  of  added  salts  in  soils  is  appreciable  even  in  the 
absence  of  moisture  movements,  the  water  content  and  the  mass  of  salt 
present  being  very  important  considerations.  Moreover,  data  were  pre- 
sented which  shpw  that  an  application  of  a  given  salt  at  one  point  in 
the  soil  may  release  another  which  in  turn  may  be  translocated  to  an 
adjacent  layer  of  soil  (2). 

In  these  studies  300  grams  of  medium  sand  and  silt  loam  respectively 
were  treated  with  1%  sodium  chloride  and  place*  in  the  bottom  of  3 
gallon  jars  and  the  fQling  completed  with  untreated  moist  soils.  One 
set  waa  unsealed  in  order  to  permit  loss  of  water  by  evaporation.  The 
depression  of  the  freezing  point  of  the  different  layers  of  soil  and  the 
amount  of  certain  bases  found  in  the  water  extracts  of  the  same  are 
given  in  table  1. 

TABLB  1.— CHANGES  IN  THE  COMPOSITION  OF  THE  SOIL  SOLUTION  INDUCED  BY 
THE  ADDITION  OP  ONE  PER  CENT  SODIUM  CHLORIDE  TO  A  MEDIUM  SAND  AND 
A  SILT  LOAM.     DURATION  16  DAYS. 


DisUnoe 

Medium  sand,  containg  9  per 
cent  of  water 

Silt  loam,  containing  20  per 
cent  of  water. 

from  salt 
layer. 

Freeiiyg 
point 

lowerings 
of  soil. 

Iron  and 
alum- 
inum. 

Calcium. 

Magnc- 
Slum. 

Freesing 
point 

lowerings 
of  soil. 

Iron  and 
altmi- 
inum. 

Calcium. 

Magne- 
num. 

Inches. 

'^C. 

Paftsper 
miUion. 

Farts  per 
million. 

Parts  per 
million. 

*XJ. 

Farts  per 
miUion. 

Farts  per 
miUion. 

Parts  per 
million. 

4 

0ll42 
.077 
.117 
.140 
.277 

No  ap- 
preciable 
changes. 

+1M.6 
+74.3 
+51.7 
+2ft.7 
+39.4 

+».90 
+6.50 
+4.28 
+3.27 
+1.31 

0.002 
.050 
.322 
.622 
.687 

Noap- 
preeiable 
changes. 

+14.6 
+45.8 
+148.9 
+103.4 
+89.8 

+5.58 

3 

+11.50 

2 

+19.95 

1 

+12.70 

0 

+9.47 

GLOBED  CONTAINERS.    DURATION  25  DAYS. 

' 

3 

0.002 
.015 
.085 
.225 

+3.60 
+3.40 
+1.20 
+4.60 

+3.60 
+27.08 
+12.01 

+2.89 

+0.48 
+4.21 
+1.79 
+.26 

.000 

.045 

.65 

85 

13.4 
85.0 
120.0 
148.5 

4.5 

2 

10  2 

1 

22.0 

0 

15.5 

(1)  BouyoucoB,  G.  J.  and  McCool,  M.  M.  1916.  The  Freezing  Point  Method  as  a  New  Means 
of  Measuring  the  Concentration  of  the  Soil  Solution  Directly  in  the  SoiL  Mich.  Agr.  Bxpt. 
Sta.  Tech.  BuL  24,  44  pp. 

(2)  McCool,  M.  M.  and  Wheeting.  L.  C.  1917.  Movement  of  Soluble  Salts  Through  Soils. 
In  Journal  of  Agricultural  Kesearch,  Vol.  XI.    No.  11,  p.  531-047. 
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More  recently  eolorimetric  methods  have  been  employed.  Fine  sand 
was  treated  with  normal  potassium  hydrate,  a  two-inch  layer  placed  in 
the  bottom  of  test  tubes  one  inch  in  diameter  and  two  inches  in  length. 
The  tubes  were  then  filled,  with  a  portion  of  the  sand  that  had  previously 
been  moistened  with  phenolpthalein  indicator,  permitted  to  become  dry 
and  then  moistened  with  distilled  water.  In  this  manner  the  rate  of 
diffusion  was  readily  determined.  Typical  examples  of  the  results  ob- 
tained are  given  in  table  2. 


TABLE   2.— DIFFUSION   IN   FINE   SAND. 

Period  days. 

5  per  cent, 
water. 

10  per  cent, 
water. 

First  dav                      

3.5  m.  m. 
2.5  m.  m. 
2      m.  m. 
1.  +m.  m. 
1 .     m.  m. 

10  ■ 
5 
3 
2 
2 

f  m.  m. 

Soconci  d&v                                                         

m.  m. 

Third  dav                            

m.  m. 

Fourth  dav    ■ 

m.  m. 

Fifth  day 

m.  m. 

- 

Total 

10.  +m.  m. 

22 

m.  m. 

The  above  data  show  that  the  rate  of  diffusion  although  slow  increases 
with  the  water  content  of  the  sand  and  decreases  with  an  increase  in 
distance  from  the  deposit.  Attention  should  be  called  to  the  possibilities 
for  development  of  the  method  to  be  used  as  a  laboratory  experiment  in 
soil  physics. 

The  translocation  of  salts  as  affected  by  film  water  movement  has  also 
received  consideration.  In  these  investigations  galvanized  iron  contain- 
ers four  inches  in  diameter  were  employed.  Salt  treated  layers  six  inches 
in  thickness  were  placed  at  different  depths  from  the  surface  in  order 
to  throw  some  light  upon  the  relation  between  surface  and  subsoils  in 
this  respect.  In  addition  the  salt  was  uniformly  distributed  through- 
out the  soil  column. 


TABLE  3.— MOVEMENT  OF  SALT  THROUGH  SILT  LOAM  12  INCHES  FROM   SURFACE 
DURATION   OF   EXPERIMENT   32   DAYS. 

Treated  Soil. 


Depth  from  surface. 

Water 

content,  per 

cent. 

Depression 

of  freezing 

point. 

}4  inch 

3.9 

9.3 

17.3 

18.4 

570 

1  inch 

.113 

4  Inches 

075 

8  inches 

.395 

1 1  inches 

1   185 

16  inches 

18.5 
20.4 
20.2 

1.075 

19  Inches 

1.14 

24  inches 

065 

Untrbated  Soil. 


J^  inch 

4.5 
10.2 
18.2 
20.0 
20.3 

.578 

1  inch 

.055 

6  inches 

.053 

15  inches 

.058 

24  inches 

.070 
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An  examination  of  the  above  table  reveals  that  the  water  content  of 
the  soil  was  not  markedly  reduced  between  the  fonrth  and  fifteenth  inch 
layers.  Moreover  the  upward  translocation  was  confined  to  the  region 
below  the  fourth  inch  layer  of  soil.  The  high  concentration  of  the 
surface  layer  was  due  to  the  translocation  of  the  soluble  material 
originally  present  or  formed  in  the  soil  as  evidenced  by  the  condition 
found  in  the  untreated  containers. 

Another  series  was  run  wherein  the  salted  layer  was  placed  24  inches 
from  the  surface.  Inasmuch  as  the  film  movement  did  not  take  place 
more  than  fifteen  inches  from  the  surface  the  movement  of  the  added 
salt  which  was  confined  to  the  section  below  this,  was  due  to  diffusion 
as  the  data  set  forth  in  table  4  show. 

TABLB  4.— MOVEMENT  OF  SALT  IN  SILT  LOAM  24  INCHES  FROM  THE  SURFACE 
DURATION  OF  EXPERIMENT  32  DAYS. 


Depth  ft-om  surface. 

Water 

content,  pei 

cent. 

Depression 

of  freezing 

point. 

}i  inch 

3.4 
13.8 
21.0 
20.8 
20.4 
21.8 
21.6 

562 

1  inch 

.065 

15  Inches 

055 

23  inches 

.770 

27  inches 

1  70 

32  inches 

.090 

37  inches ) 

056 

Similar  studies  were  conducted  with  muck.  The  translocation  of  the 
salts  that  were  placed  twelve  inches  from  the  surface  was  found  to  be 
as  presented  in  table  5.  In  this  case  the  salt  had  moved  upward  to 
the  sixth  inch  layer,  but  had  not  passed  to  the  bottom  of  the  tube. 


TABLE  5.— MOVEMENT  OF  SALT  IN  MUCK  SOILS. 

DAYS. 


DURATION  OF  EXPERIMENT   35 


Mlnch... 

1  inch . 

4  Inches . 

6  inches . 

8  inches . 
12  inches. 
15  inches . 
19  inches . 
24  inches . 


Depth  of  sample. 


Untreated. 


Freezing 

point 

lowering. 


.740 
.138 


.090 


.082 
.084 


Salt  12 

inches  ft-om 

surface. 


Freezing 

point 
lowering. 


.746 
.136 
.070 
0.16 

.560 

2.10 

1.420 

.360 

.07 


The  results  obtained  from  medium  sand  are  of  interest. 

The  sand  contained  four  per  cent  moisture  when  placed  in  the  cylinders, 
preliminary  studies  having  revealed  that  downward  translocation  of  the 
water  resulted  with  higher  water  contents.  The  salted  layers  were 
placed  six  and  twelve  inches  from  the  surface  respectively.    The  experi- 
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ments  were  conducted  from  July  10  to  September  4.  The  freezing  point 
lowerings  of  the  samples  of  soil  taken  from  the  treated  and  untreated 
soil  are  shown  in  table  6. 

TABLE  6.— MOVE^fENT  OF  SALT  IN  MEDIUM  SAND. 


Soil. 

Untreated. 

Salt.  6-12 

inches  from 

surface. 

Salt,  12-18 

inches  firom 

surface. 

* 
Depth  of  sample  In  Inches. 

Freezing 

point 
lowering. 

Freezing 

point 
lowering. 

Freezing 
,  point 
lowering. 

li  inch 

.030 
.020 
.012 
.012 
.007 

.022 
.193 
.260 
.120 
.127 
.104 

030 

1-  2  inches 

012 

2-  3  inches 

014 

3-  4  inches 

.043 

4-  5  inches 

5-  6  inches 

.  100 

7—  8  inches 

136 

8-  9  inches 

.076 

9-10  inches 

.008 

163 

11-12  inches 

.269 

12-13  inches 

.020 
.017 
.007 

14-16  inches 

.006 

200 

16-17  inches 

17-18  inches 

060 

18-19  inches 

.007 

19-20  inches 

.007 
.007 

.021 

23-24  inches 

.007 

.016 

26-26  inches 

.009 

30-33  inches 

007 

33-36  inches 

.008 

Some  of  the  salt  that  was  placed  six  inches  from  the  surface  accumu- 
lated in  the  second  layer  of  soil  but  not  in  the  surface.  Whereas  the 
change  in  concentration  of  the  soil  solution  was  inappreciable  three 
inches  from  the  surface  in  the  tube  in  which  the  salt  was  placed  twelve 
inches  from  the  surface.  In  the  former  case  the  soil  became  dry  on  the 
surface  before  the  salt  reached  this  point  and  in  the  latter  the  dry  layer 
or  mulch  was  formed  to  a  depth  of  about  four  inches,  thus  preventing 
higher  translocation  of  the  soluble  material.  ' 

The  effect  of  the  depth  to  water  table  upon  the  salt  content  of  soils 
has  been  investigated  in  the  laboratory.  Four  cylinders  were  filled  with 
each  of  the  soil  classes  studied,  placed  in  larger  containers  which  were 
filled  with  water  to  sufficient  height  to  bring  the  water  table  to  t^e  surface 
of  the  soil.  After  the  water  table  had  reached  the  surface  two  grams 
of  sodium  chloride  were  added  to  two  of  the  containers.  After  a  period 
of  forty-seven  days  the  treated  and  untreated  soils  were  sampled  at 
different  depths  and  the  freezing  point  lowerings  determined.  The  rate 
of  evaporation  was  high  inasmuch  as  the  experiments  were  run  from 
July  19  to  September  4,  the  containers  being  exposed  to  sunshine  and  to 
wind  movements. 
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TABLE  7.— EFFECT  OF  WATER  TABLE  UPON  THE  SALT  CONTENT  OF  SOILS. 


Freezing  point  lowerings. 

Depth  of 
sample. 

Medium  sand. 

Fine  9and. 

Clay  loam. 

Untreated. 

Salted. 

l^ntreated. 

.033 
.010 
.004 
.004 
.003 

Salted. 

Untreated. 

Salted. 

li    inch 

.030 
.002 
.002 
.003 
.002 

.075 
.030 
.030 
.029 
.019 

.479 
.184 
.149 
.070 
.006 

.327 
.046 
.016 
.016 
.007 

H-l  inch 

2-3  inches 

4-5  inches 

6-7  inches 

.546 
.040 
.030 
.010 

These  results  show  that  soluble  salts  diffuse  downward  very  slowly 
in  fine  textured  soils  and  more  rapidly  in  sand,  where  the  water  table 
lies  at  the  surface  and  where  the  rate  of  evaporation  is  high.  To  what 
extent  this  affects  the  quantity  of  soluble  constituents  of  soils  under  field 
conditions  remains  to  be  determined,  yet  the  indications  are  that  it  is 
appreciable.  The  time  factor  and  the  rate  of  evaporation  from  the 
surface  must  be  taken  into  consideration. 

Where  the  water  table  stood  within  seven  inches  of  the  surface  the 
downward  movement  of  the  salt  was  again  more  rapid  in  the  sand  than 
in  the  fine  textured  soils  as  shown  by  the  data  set  forth  in  table  8. 


TABLE  8.- 

-EFFECT  OF  WATER  TABLE  SEVEN  INCHES  FROM  THE  SURFACE  ON  SALT 
MOVEMENTS.  DURATION  OF  EXPERIMENT  43  DATS. 

CLAY  LOAM 

Depth  of  sample. 

Untreated 
Soil, 

Salted 
Sou. 

Freezing 
,  point 
lowering. 

Freezing 

point 
lowering. 

^  inch 

.680 
.070 
.040 
.040 
.026 

3.50 

1-2  inches     

372 

3—4  Inches 

.076 

5—6  inches   .                              

056 

6-7  inches 

.024 

Medium  Sand. 

1^  Inch     

.053 
.037 
.016 

362 

3-4  inches 

053 

6-7  inches 

007 



In  the  next  series  the  water  table  was  maintained  twelve  inches  from 
the  surface.  Under  these  conditions  the  downward  translocation  was 
found  to  have  taken  place  more  rapidly  in  the  clay  loam  than  in  the 
sands.  The  results  obtained  are  presented  in  table  9. 
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TABLE  9.— THE  EFFECT  OF  WATER  TABIJS  (TWELVE  INCHES  FROM  THE  SURFACE 
ON  SALT  MOVEMENT.     DURATION  OF  EXPERIMENT  43  DAYS. 

Clay  Loam 


Depth  of  sample. 

Untreated 
Soil. 

Salted 
Soil. 

Freezing 

point 
lowering. 

Freezing 

point 
lowering. 

\^  Inch 

1.025 
.030 
.045 
.030 

3.3 

4  inches 

.128 

8  inches   

070 

12  inches 

.050 

Fink  Sand. 

M  inch 

4  inches 

8  inches 

12  inches 

Medich  Sand. 

K  inch 

4  inches 

8  Inches .' 

12  inches 


3.45 
.059 
.061 
.025 


3.30 
.022 
.016 
.017 


Still  another  series  was  run  in  which  the  water  table  was  maintained 
twenty-four  inches  from  the  surface.  The  salt  remained  very  near  the 
surface  inasmuch  as  the  freezing  point  lowering  of  the  soil  four  inches 
from  the  surface  were  the  same  in  both  treated  and  untreated  soils  of 
the  same  class. 

RAINFALL   AND   SOLUBLE   SALT   CONTENT   OF   SOILS. 

The  rainfall  affects  the  amount  of  soluble  salts  in  the  soil.  The  rate 
at  which  different  added  salts  are  removed  by  washing  as  well  as  their 
residuary  affect  upon  the  soluble  constituents  of  the  soil  has  been  ex- 
tensively investigated  by  Bouyoucos,  the  results  of  which  are  in  the 
press.  In  this  report  however,  are  given  the  results  of  certain  studies 
of  the  effect  of  rain  upon  the  salt  content  of  the  soil  under  field  condi- 
tions. Samples  of  soil  have  been  taken  before  and  after  rains.  In  addi- 
tion the  effect  of  different  amounts  of  added  water  has  been  considered. 

The  data  in  table  15  shows  that  a  two-inch  rainfall  on  muck  lands  that 
are  slightly  below  the  optimum  water  content  for  plant  growth  greatly 
reduces  the  salt  content  of  the  surface  layer  and  takes  portions  of  it  a 
few  inches  below,  yet  there  still  remains  appreciable  quantities  in  the 
surface  layer  of  soil.  Samples  were  also  taken  from  several  soil  classes, 
where  the  growth  of  vegetation  was  prevented,  before  and  after  1.3  inches 
of  rainfall.  The  effect  of  this  amount  of  precipitation  was  found  to  be 
measurable  as  the  data  in  table  10  show. 
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TABLE  10.— EFFECT  OF  A  1.3  INCH  RAIN  FALL  ON  THE  SOLUBLE  SALT  CONTENT  OF 
VARIOUS  SOIL  LAYERS  IN  DIFFERENT  SOIL  CLASSES. 

Depth  or  Samples. 


Soil  class. 


Freezing  point  depressions. 


Before  a  rainfall. 


Kin. 


Kto 
6  in. 


etc 

12  in. 


After  1.3  in.  rainfall. 


Kin. 


K  to 
6  in. 


6to 
12  in. 


Miami  sand,  cultivated 

Miami  sand,  virgin 

Miami  sandy  loam,  cultivated 

Miami  sandy  loam,  virgin 

Clyde  sandy  loam,  virion 

Miami  silt  loam,  cultivated 

Miami  sUt  loam,  virgin 

Muck,  virgin 

Miami  silt  loam,  cultivated 

Miami  very  fine  sandy  loam,  culti- 
vated   


043 
.023 
.255 
.028 
.023 
.041 
.018 
.034 
.014 

.101 


.001 
.004 
.005 
.006 
.009 
008 
.OOtt 
.005 
.006 

.015 


.000 
.001 


.004 
.011 
.014 
.007 
.009 
.002 

.010 


.008 
.010 
.020 
.016 
.028 
.027 
.012 
.021 
.011 

.018 


.013 
.012 
.029 
.018 
.016 
.040 
.027 
.015 
.015 

.013 


.012 
.015 
Oil 
.012 
.011 
.022 
.015 
.023 
.010 

.018 


Moreover  certain  soil  classes  whose  salt  content  was  known  were 
irrigated  with  different  amounts  of  distilled  water.  After  the  applica- 
tions, they  were  sampled  to  different  depths  and  the  freezing  point  low- 
erings  again  determined.  Typical  results  obtained  from  sandy  loam  are 
given  in  table  11. 


TABLE  11.— EFFECT  OF  PERCOLATION  UPON  THE  SOLUBLE  SALTS  IN  SANDY  LOAM 

SOIL. 


Depth  of  ^  ample. 

Freezing  po  Jit  lowerings. 

Untrea  ed 
soil. 

Soil  receiving 
3  inches 
of  water. 

Soil  receiving 
12  inches 
of  water. 

yi  inch 

.015 
.018 
,010 
.004 

.010 
.006 
.003 
.013 

.003 

1—3  inches 

.005 

3—6  inches 

.004 

9  inches 

002 

As  was  expected  the  soluble  salts  of  light  loams  are  greatly  reduced 
by  a  three-inch  application  of  water  and  12  inches  reduces  them  to  a 
very  low  percentage. 

A  heavy  silt  loam  and  a  medium  sand  were  also  utilized.  In  studying 
the  former  tests  were  made  on  a  level  and  uniform  area  in  a  com  field. 
(The  corn  was  two  inches  in  height.)  Three  inches  of  water  greatly 
reduced  the  soluble  salt  content  of  the  surface  soil  ha\ing  little  effect 
upon  the  adjacent  layer,  but  the  twelve  inches  of  water  greatly  reduced 
the  salt  content  in  the  upper  nine  inches  of  soil. 
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TABLE  12— EFFECT  OF  PERCOLATION  OF  WATER  UPON  THE  SALT  CONTENT  OF  SOIL 

Silt  Loam. 


Jiinch 

1-3  inches . 
3-6  inches . 
9  inches.  . . 


Depth  of   ample. 


Freezing  point  lowerings. 


\   Soil  receiving  \    Soil  receiving 
Untreated  3  inches  12  inches 

Soil  Water  Water 


.097 
.024 
.016 
.013 


.006 
.012 
.014 
.017 


.006 
.007 
.004 
.006 


MeniUM  Sand. 

4  inches 

.015 
.018 
.010 
.004 

.002 
.004 
.008 
.013 

.003 

1—3  inches              

.005 

3—6  inches 

.005 

9  inches 

.002 

In  case  of  the  medium  sand  3  inches  of  water  removed  practically  all 
of  the  soluble  material  to  the  nine-inch  depth  and  samples  taken  after 
twelve  inches  of  water  had  been  added  showed  freezing  depressions  only 
slightly  higher  than  distilled  water. 

EFFECT  OF  CROPS  ON  SALT  MOVEMENTS. 

(ii-owiiig  crops  affect  salt  movement  in  soils.  A  number  of  samples 
were  taken  from  soils  occupied  by  spring  grains,  grasses,  and  meadows 
and  adjacent  are^is  upon  which  plant  growth  was  prevented.  In  taking 
samples  the  surface  was  removed  to  a  depth  of  one-fourth  inch.  At  the 
time  of  sampling  the  rainfall  had  been  inappreciable  for  thirty  days. 

TABLE  l.i.  KFFi:(  r  OF  CROPS  UPON  SOLUBLE  SALTS  PRESENT  IN  SOILS. 


Kind  of  crop. 

Freezing  point  lowerings. 

Soil  class. 

Cropped. 

Parts  per 
million. 

Bare. 

Parts  per 
million. 

Silt  loam 

June  grass 

Wheat 

.020 
.017 
.025 
.012 
.013 
.048 
.011 
.012 

500 
425 
625 
300 
325 
1  ,200 
275 
300 

.090 
.043 
.125 
.050 
.016 
.842 
.014 
.020 

2  250 

Sandy  loam 

1.075 

Silt  loam 

Oats 

3  125 

Sandy  loam 

Barley     

1  260 

Sand"! 

Rye 

'400 

M-Uck 

Oats 

21  050 

Sand 

Oats 

350 

Silt  loam 

Alsike,  clover 

500 

In  all  except  the  sands  the  freezing  point  lowerings  of  the  surface 
soils  showed  an  accumulation  of  salts  where  the  land  was  bare. 

It  seems  that  the  difference  between  the  cropped  and  uncropped  soil 
in  this  respect  is  due  to  differences  in  water  content,  water  movement,' 
temperature,  and  to  the  removal  of  soluble  constituents  by  the  growing 
plants.  The  sandy  soils  studied,  rapidly  mulch  themselves  and  conse- 
quently deposition  of  salts  at  the  surface  is  prevented.    If  samples  had 
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been  taken  just  below  the  mulch  it  is  probable  that  the  freezing  point 
lowerings  of  the  bare  soils  would  have  been  somewhat  higher.  More- 
over, the  soluble  salt  content  of  the  sands  was  not  great. 

The  eflfect  of  the  growing  crop  is  very  local  in  this  respect.  Samples 
were  removed  at  different  distances  from  the  growing  plants  in  the  bare 
soils  in  a  number  of  cases.  The  results  obtained  as  summarized  in  table 
13  show  clearly  that  the  influence  of  the  plants  is  not  greatly  felt  be- 
yond twelve  inches,  in  some  instances  it  extends  over  shorter  distances. 
Moreover,  the  presence  of  nitrates  usually  accounts  for  more  than  one- 
half  of  the  total  solids  as  determined  by  the  methods  employed. 

The  nitrate  content  of  a  number  of  surface  samples  was  determined. 
The  samples  were  washed  on  a  filter  paper  with  distilled  water  until 
the  leachings  were  practically  constant  in  concentration  as  determined 
by  the  electrical  bridge.  The  leachings  were  then  evaporated  to  a  small 
volume,  transferred  to  Kjeldahl  flasks  and  distilled  with  potassium 
hydroxide  and  Devarda  metal.  The  total  ammonia  found  was  calculated 
toCa(N03)2. 


TABLE  14.— SOLUBLE  SALTS  IN  STIRFACB  SOII^S. 
Distance  from  Gbowino  Crop. 


Minchea. 

8-12  inches 

24inehe8 

EiDd  of  crop. 

if 

Total 
solids. 

Parts 

per 

million 

Nitrates 
Ca(NOi)i. 

a  § 

Total 
solids. 

Nitrates 
Ca(NO.)t. 

1 

Jl 

Total 
solids. 

Nitrates 
Ca(NOi).. 

Parte 
nuflimi 

Parts 
million 

Parts 
million 

Parts 
million 

Parts 
mJlko 

Wliett 

.043 
.020 
.023 
.016 

1.075 
500 
675 
400 

309 
328 
266- 
246 

.043 
.043 
.026 
.020 

1.076 

1  075 

650 

500 

402 
553.5 
205 
410 

.136 

3,400 

1.866.6 

Wheat 

Alnkeolover 

.028 
.020 

700 
500 

123 

Alflike  clover 

348 

The  amounts  of  soluble  material  in  several  muck  deposits  have  been 
determined.  We  have  repeatedly  observed  that  salts  accumulate  on  the 
surface  during  periods  of  drouth  or  low  precipitation.  Recently  our 
attention  was  called  to  an  unusual  condition  in  a  muck  deposit  near 
Potterville.  It  was  reported  that  onions  were  growing  very  slowly  in 
this  particular  soil  although  it  was  being  cropped  the  first  time.  A  visit 
to  the  area  revealed  that  appreciable  quantities  of  salts  had  accumulated 
on  the  surface,  moreover  the  soil  was  moist.  Samples  were  taken  to 
the  depths  shown  in  table  15  and  also  a  sample  of  water  from  a  drain- 
age ditch.  When  the  first  samples  were  taken  the  precipitation  had  been 
negligible  the  previous  thirty  days.  A  few  days  after  sampling  a  two- 
inch  rain  fell  and  the  area  was  again  visited  and  samples  taken.  At 
this  time  the  onions  were  growing  with  greater  vigor  than  formerly. 
The  results  of  the  determinations  are  given  in  table  15. 
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Freezing  point  lowerings. 

Depth  of  sample. 

Before 
rain. 

Parts  per 
million. 

After  2 

inch  rain 

faU. 

Parts  per 
million. 

1-4  inch 

1.47 
.026 
.016 
.014 
.016 
.016 

36.760 
660 
376 
360 
400 
400 

.031 
.036 

0.20 
.013 
.016 

0.14 

776 

1—3  inches 

876 

3-6  inches 

600 

6—9  inches 

326 

■12-24  inches 

376 

24-^0  inches 

360 

Drainaee  water         

.016 

400 

The  high  concentration  of  the  salts  at  the  surface  indicated  that  the 
retarded  growth  of  the  onions  was  due  to  this  factor.  Accordingly 
samples  were  taken  to  the  laboratory  and  Canada  Field  Pea  seedlings 
placed  in  washed  and  unwashed  soil.  One  part  of  the  soil  was  washed 
with  5  parts  of  distilled  water.  The  water  content  of  the  soil  cultures  was 
uniform  and  maintained  so  by  daily  additions  according  to  the  usual  prac- 
tice of  conducting  such  studies.  The  cultures  were  placed  in  the  east  side 
of  a  well  lighted  laboratory.  After  ten  days  the  seedlings  were  dead 
in  the  unwashed  soil,  no  growth  of  roots  having  taken  place  wliile  in  the 
washed  soil  the  roots  had  attained  two  and  one-half  inches  in  length 
with  numerous  laterals  and  the  stems  had  grown  to  be  two  inches  in 
length.  We  concluded  from  these  results  that  the  salt  content  in  the 
surface  layer  of  muck  was  too  great  for  proper  plant  development. 

The  soluble  salt  content  of  samples  taken  from  different  layers  of 
three  muck  deposits  was  determined.    The  results  are  reported  in  table  16, 
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The  above  results  show  that  the  soluble  salt  content  of  different  muck 
soils  is  quite  variable,  especially  in  the  upper  layers  and  becomes  quite 
high  in  some,  several  days  after  a  rain.  When  it  is  considered  that  these 
determinations  were  made  with  saturated  soils  the  conclusion  that  the 
concentration  at  medium  or  low  water  contents  may  become  quite  great 
and  thereby  injure  plants,  seems  tenable. 

Another  interesting  soil  condition  was  found.  Mr.  Severance  of  Lan- 
sing reported  that  his  tomato  plants  were  developing  very  slowly  regard- 
less of  the  fact  that  they  were  properly  watered  and  otherwise  treated 
normally.  The  soil  had  been  usedvfor  greenhouse  purposes  for  eight 
years.  A  flat  of  plants  was  brought  to  our  laboratory,  an  examination 
revealed  that  they  were  not  diseased  but  showed  characteristic  develop- 
ment of  plants  grown  in  solutions  of  high  osmotic  pressure.  The  soil  was 
sampled  and  the  soluble  salt  content  determined  as  usual.  It  was  found 
to  have  a  freezing  point  lowering  of  0.115^  which  of  course  is  several 
times  greater  than  normal  soils.  He  was  advised  to  leach  the  soil  by 
means  of  the  garden  hose.  T^ater  reports  were  to  the  effect  that  the 
plants  grew  in  the  flats  that  were  so  treated  and  developed  at  a  more 
rapid  rate  than  those  that  were  watered  as  usual.  We  obtained  a  quan- 
tity of  the  soil  and  reduced  the  salt  content  of  one  portion  by  percolating 
distilled  water  through  it.  It  was  interesting  to  find  that  one  inch 
of  water  removed  much  of  the  soluble  salts  from  this  soil. 


TABLE  17.— REMOVAL  OF  SOLUBLE  SALTS  FROM  GREENHOUSE  SOIL. 


Soil. 

Leachings. 

Freezing^ 

points 

lowering. 

Parts 

per 

million. 

Freezing 

point 
lowering. 

Parts 
minion. 

Freezing  point  lowering  of  soil  before  leaching 

.105 
.035 

.024 

.022 

.020 

2.625 
875 

600 

660 

600 

Freezing  point  lowering  of  soil  after  one  inch  of  water 
Freez<ng  po'nt  lowering  of  soil  after  two  inches  of 
water ... 

.070 
.020 
.016 
.015 

1  .750 
500 

Freezing  point  lowering  of  soil  after  three  Inches  of 
water 

400 

Freezing  point  lowering  of  soil  after  fonr  inches  of 
water 

375 

In  making  the  extractions  a  two-inch  layer  of  soil  was  placed  in  a 
tube  4  inches  in  diameter,  brought  to  the  saturation  point  and  the  above 
amounts  of  water  passed  through  it.  A  nitrate  determination  of  the  soil 
revealed  that  it  contained  2898.5  parts  per  million,  or  much  of  the 
total  soluble  salts  was  made  up  of  nitrates. 

Flats  were  then  filled  with  the  leached  and  unwashed  soil,  respectively, 
and  tomato,  lettuce  and  radish  seed  were  sown.  The  germination  of  the 
seed  in  the  former  case  was  75  per  cent  less  than  in  the  latter  and  at  the 
end  of  14  days  the  average  heights  of  the  plants  were  as  given  in  table  18. 
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TABLE  18.— PLANTS  GROWN  IN  WASHED  AND  UNWASHED  GREENHOUSE  SOIL. 


Crop. 


Radishes . . 
Lettuce.  . . 
Tomatoes . 


Height  of  plants. 


Washed 
soil. 


3  inches 
2  H  inches 
1 H  inches 


Unwashed 
soil. 


1  H  inches 
1  yi  inches 
1   inch 


Inasmuch  as  the  evaporation  rate  is  rather  high  under  greenhouse 
conditions,  there  is  a  tendency  for  the  soluble  constituents  to  accumulate 
at  the  surface  unless  the  soils  are  watered  frequently.  If  the  soluble 
salt  content  is  high  this  is  certain  to  occur.  It  may  be  cited  for  example 
that  the  surface  14-inch  layer  of  soil  in  the  flat  revealed  a  very  high 
concentration  24  hours  after  moistening,  the  freezing  point  depression 
being  1.35°,  the  soil  being  saturated  with  water  when  the  determination 
was  made. 

DISCUSSION   OF   RESULTS. 

Salt  translocation  in  soils  is  due  mainly  to  water  movements.  The 
data  obtained  from  experiments  in  which  water  movements  were  pre- 
vented show  that  salts  added  to  a  soil  move  away  from  the  point  of  high 
concentration  and  the  rate  is  largely  dependent  upon  the  mass  of  salt 
present  bb  well  as  the  T^ater  content  of  the  soil.  Now  in  the  field  the 
total  soluble  salt  content  is  relatively  low  and  hence  diffusion  accounts 
for  but  local  movements.  The  results  of  our  studies  of  the  freezing 
point  lowerings  of  the  surface  layer  of  soils  occupied  by  small  grains 
and  grasses  and  adjacent  bare  soils  is  further  proof,  yet  it  is  probable 
that  it  operates  to  some  degree  in  close  proximity  to  the  root  hairs  and 
aids  in  furnishing  the  plant  with  substances  in  solution. 

When  water  movement  takes  place  some  of  the  soluble  salt  present  is 
carried  along  with  it.  The  results  of  the  experiments  where  the  soils 
were  treated  with  substances  in  solution  sufficiently  near  the  surface  to 
be  within  the  zone  of  upward  film  movement,  bear  this  out.  Moreover 
the  freezing  point  lowerings  of  samples  of  muck  soil  taken  at  different 
depths  from  the  surface  as  well  as  the  accumulation  of  nitrates'  and 
other  salts  at  the  surface  of  uncropped  soils  in  larger  quantities  than 
in  cropped  soils  show  that  such  is  the  case.  Of  course  under  the 
latter  conditions  the  lack  of  accumulation  is  doubtless  due  in  part  to 
the  removal  of  the  nitrates  and  other  substances  by  the  plants.  More- 
over, the  condition  is  probably  less  ideal  for  the  formation  of  such  on 
account  of  differences  in  temperature  of  the  soil  and  also  lower  water 
contents.  At  any  rate  the  salts  that  appeared  on  the  surface  came  from 
relatively  short  distances  below  the  surface. 

Do  salts  move  upward  from  subsoils  to  supply  the  plant?  It  is 
considered  by  some  that  the  movement  of  salts  from  the  subsoil  plays 
ari  important  role  in  soil  fertility.  Considering  the  results  of  Leather 
(3)  in  India  as  well  as  those  of  Burr  (4).    Alway  (5)  and  others,  which 

(3)  Leather,  J.  W.  1908.  The  Loss  of  Water  from  Soli  during  Dry  Weather.  In  Dep't.  of 
Agr.  India.    V.  1.  No.  6,  116  d..  7  tig. 

(4)  Burr,  W.  W.  1014.  The  Storage  and  Use  of  Soil  Moisture.  Ncbr.  Agr.  Bxpt.  SU.  Re- 
search Bui.  5,  88  jp. 

«  i?l  4I^W'  ^-  ^  and  McDale,  O.  R.    1917.    Relation  of  the  Water  Retaining  Capacity  of  a 
Sou  to  its  Hygroscopic  Coefficient.    In  Joum.  Agr.  Research  V.  9,  No.  2,  pp.  27-71. 
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go  to  show  that  film  movement  belcrw  the  zone  of  root  penetration  is 
slight,  and  in  addition  the  fact  that  the  force  of  gravity  is  operative 
and  also  that  in  the  humid  region  approximately  40  to  50  per  cent  of 
the  rainfall  passes  through  the  soil,  it  seems  logical  to  conclude  that 
soluble  substances  carried  or  formed  below  the  zone  of  root  penetration 
are  of  minor  importance  in  crop  production ;  yet  investigations  now  under 
way  may  lead  to  different  conclusions. 

EFFECT  OF  PLANT  GROWTH  ON  THE  SOLUBLE  SALT  CONTENT  OF  SOILS. 

Considerable  interest  has  been  manifested  in  the  ability  of  plants  to 
lower  the  concentration  of  the  soil  solution.  It  was  found  by  Lyon 
and  Bizzell  (6)  that  the  nitrate  content  of  the  soil  under  different  crops 
growing  on  similar  soil  was  quite  variable,  some  crops  apparently 
having  the  power  to  stimulate  nitrate  production  while  others  exerted 
an  inhibitive  effect.  Much  work  has  also  been  done  by  various  investiga- 
tors on  the  water  extract  of  soils  under  different  conditions  of  cropping 
and  tillage.  Recently,  Hoagland  (7)  showed  that  under  controlled 
conditions  the  concentration  of  the  soil  solution  varies  at  different  periods 
of  the  year  and  is  materially  affected  by  plant  growth.  So  far  as  the 
writers  are  aware,  however,  no  data  have  been  published  showing  whether 
or  not  the  total  concentration  of  the  soil  solution  as  it  occurs  in  field 
soils  is  affected  by  the  growth  of  plants.  We  have  made  studies  of  the 
effect  of  plant  growtli  upon  the  concentration  of  the  soil  solution  in  the 
soil. 

A.  CULTURE  STUDIES. 

In  the  first  series  of  experiments  corn  was  grown  in  test  tubes  con- 
taining about  50  grams  of  soil.  When  the  plants  were  well-rooted  the 
kernels  were  removed  so  as  to  make  the  plants  dependent  upon  the  min- 
eral nutrients  in  the  soil,  as  soon  as  possible.  After  twenty  days  the 
plants  were  removed,  the  soil  screened  to  free  it  of  roots,  and  after  air 
drying,  made  up  to  a  definite  water  content  and  the  freezing  point  de- 
termined in  the  usual  manner. 

The  freezing  point  lowerings  and  corresponding  parts  per  million  of 
soluble  salts,  as  calculated  by  the  formula  derived  by  Bouyoucos  (8) 
of  both  the  cropped  and  uncropped  soils  are  shown  in  table  19. 

TABLE   19.— EFFECT   OF   PLANT   GROWTH   ON   THE    CONCENTRATION   OF   THE    SOIL 
SOLUTION.     DITRATION  OF  GROWTH  20  DAYS. 


Uncropped  soil. 

Cropped  soil. 

Soil  used. 

• 

Freezing 

point 

depression. 

Parts  per 
million. 

Freezing 

point 

depression. 

Parts  per 
million. 

Medfum  sand 

.012 
.022 

300 
560 

.005 
.002 

125 

Clyde  sandy  loam 

50 

(6)  Lyon,  T.  L.,  and  Bizzell,  J.  A.     1913,     Some  Relations  of  Certain  Higher  Plant  to  the 
Formation  of  Nitrates  In  Soils.  Mem.  No.  1,  Cornell  Uni.  Agr.  Bxpt.  Sta. 

(7)  Hoagland,  G.  R.     1918.     The  Freezing  Point  Method  as  an  Index  of  Variations  in  the 
Soil  Solution  Due  to  Season  and  Crop  Growth.    Journ.  Agr.  Research,  V.  XII,  No.  6,  pp.  369-395 

(8)  Bouyoucos,  G.  J.  and  McCool,  M.  M.     1916.     Further  Studies  on  the  Freezing  Point 
Lowering  of  Soils.     Mich.  Agr.  Expt.  Sta.  Tech.  Bui.  24,  51  p. 
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The  growing  plants  reduced  the*  salt  content  of  the  soil  solution  in 
medium  sand  from  300  to  125  parts  per  million  and  in  the  sandy  loam 
from  550  to  50  parts  per  million. 

These  results  indicate  tJiat  the  soluble  salt  content  of  the  soil  may 
l)e  greatly  reduced  under  very  intensive  cropping. 

In  order  to  obtain  additional  information  on  this  question  larger  con- 
tainers were  employed.  Barley  and  corn  were  grown  in  pots  containing 
three  kilograms  of  soil,  the  concentration  of  the  soil  solution  being 
determined  at  different  stages  of  their  growth.  The  results  derived  from 
this  series  are  set  forth  in  table  20. 


TABLE  20.— EFFECT  OF  PLANT  GROWTH  ON  THE  SOLUBLE  SALT  CONTENT  OF  SOILS. 


Uncropped 
soil. 

Barley. 

Corn. 

u 

11 

ii 

^  d 

4 
1' 

ii 

p  ft 

no 

U 

id 
11 

ll 

r 

P 

5| 
ft 

si 

Six  weeks  period. 
Medium  sand 

.012 
.030 

300 
760 

.003 
.010 

76 
250 

009 
.020 

225 
500 

Sandy  loam 

Nine  weeks  period : 

Medium  sand 

Sandy  loam 

.012 
.030 

300 
750 

.002 
.007 

60 
176 

.010 
.023 

260 
175 

.004 
.005 

100 
125 

.008 
.025 

200 
625 

Twelve  weeks  period : 

Medium  sand 

Sandy  loam 

012 
030 

300 
760 

.000 
.004 

100 

.012 
.026 

300 
,650 

.001 
.002 

26 
60 

Oil 
.028 

276 
700 

These  data  show  that  in  six  weeks  barley  reduced  the  soluble  salt 
content  of  medium  sand  from  .'JOO  parts  per  million  to  75  parts  and  of 
sandy  loam  from  750  parts  i)er  million  to  250  parts.  These  are  very 
substantial  decreases. 

After  nine  weeks  the  concentration  of  the  soil  solution  was  equally 
low  and  after  twelve  weeks  all  soluble  materials  as  measured  by  the 
freezing  point  method  had  been  removed  from  the  sand  and  that  in  the 
sandy  loam  was  reduced  to  100  parts  per  million.  The  results  with 
corn  agree  perfectly  with  those  obtained  with  barley. 

Another  series  was  run  in  containers  holding  approximately  8  kilo- 
grams of  soil.  In  order  to  overcome  the  effect  of  salt  move^aent  and 
other  factors  which  tend  to  an  uneven  distribution  of  soluble  material 
in  soils,  suflScient  water  was  added  to  make  a  thick  cream  and  the  soil 
stirred  thoroughly.  Samples  were  then  withdrawn  by  means  of  a  spoon. 
The  data  obtained  are  presented  in  table  21. 
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TABLE  21.— EFFECT  OF  PLANT  GROWTH  ON  THE  SOLUBLE  SALT  CONTENT  OF  SOILS. 


At  time  of 
planting. 

Uncropped  soil. 

Barley  116  days. 

Soil  type. 

Freezing 
point 

depres- 
sion. 

Parts 
mUUon. 

Freezing 
point 

depres- 
sion. 

Parts 
mimon. 

Freezing 
point 

depres- 
sion. 

Parts 
miffion. 

'Mift.fnl  vArv  flnA  fULndy  loan .  .  r 

.012 
.004 
.013 
.012 
.013 
.006 
.005 

300 
100 
326 
300 
325 
150 
126 

.020 
.016 
.030 
.023 
.044 
.021 
.013 

500 
400 
760 
676 
1.100 
625 
326 

.003 
.006 
.016 
.010 
Oil 
.015 
.012 

75 

Clyde  silt  loam 

126 

Ol vde  dftv  loam 

376 
250 

Olvde  sandv  loam 

Miami  sand 

276. 

Miami  silt  loam 

375 

Muck 

300 

It  seems  justifiable  to  conclude  that  under  the  condition  of  these 
experiments,  that  is  relatively  small  volumes  of  soil,  the  soluble  salt 
content  of  soil  may  be  largely  utilized  by  the  plants  thus  reducing  the 
concentration  of  the  soil  solution  to  a  minimum.'  Whether  this  phe- 
nomenon occurs  in  the  field  where  the  quantity  of  soil  exposed  to  the 
action  of  the  plant  roots  is  very  large,  is  more  doubtful. 

B.     FIELD  STUDIES. 

To  throw  some  light  upon  this  question  several  classes  of  soil  were 
sampled  under  different  crops.  For  comparison  small  areas  were  scraped 
free  of  vegetation  early  in  the  spring  and  maintained  so  throughout 
the  season,  both  virgin  and  adjacent  field  soils  being  included.  On 
Jun6  13th  samples  were  taken  of  the  surface  y^  inch  and  of  the  soil  imme- 
diately below  to  depths  of  six  and  twelve  inches,  respectively.  Con- 
tamination of  the  lower  sections  was  prevented  by  inserting  a  metal  tube 
to  the  depth  of  six  inches  and  taking  the  sample  through  it.  The  samples 
were  taken  directly  to  the  laboratory,  spread  out  in  a  thin  layer,  allowed 
to  become  air  dry,  made  up  to  a  uniform  water  content  and  the  freezing 
point  lowerings  determined  in  the  usual  manner. 

The  results  are  presented  in  table  22. 
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TABLE  22.— FREEZING  POINT  DEPRESSIONS  OP  DIFFERENT  SECTIONS  OP  VARIOUS 
SOILS  UNDER  DIFFERENT  CONDITIONS.     SAMPLES  TAKEN  JUNE  13.  1918. 


Description  of  8oll. 


Section  of  soil  sampled. 


Kin. 


u 

Is. 

©  © 


M  to  6  in. 


e  to  12  in. 


^§ 


^1 


Miami  sand: 

Virgin  soil  with  grass  removed 

Virgin  soil  (sod) 

Growing  timothy  and  clover 

Growing  barley  (fully  headed) 

Growljig  oats.  Jointing  stage 

Cultivated  soil  with  crops  removed . 
Miami  sandv  loam: 

Virgin  soil  with  grass  removed 

Virgin  soil  (sod) 

Growing  rve  (fully  headed) 

Cultivated  with  crop  removed 

Miami  silt  loam: 

Virgin  soil  with  grass  removed 

Virgin  soil  (sod) 

Growing  alsike  (in  full  bloom) 

Cultivated  with  crop  removed 

Miami  very  fine  sandy  loam: 

Virgin  soil  with  grass  removed 

Virgin  soil  (sod) 

Growing  oats  (Jointing  stage) 

Growing  alsike  and  timothy 

Cultivated  with  crop  removed 

Clyde  sandv  loam: 

Virgin  soil  with  grass  removed 

Virgin  soU  (sod) 

Cultivated  with  crop  removed 

Clyde  silt  loam: 

Virgin  soil  with  grass  removed 

Virgin  soil  (sod) 

Growing  oats.  -15  inches  high 

Growing  clover  (In  full  bloom) 

Cultivated  with  crop  removed 

Miami  silt  loam: 

Virgin  soil  with  grass  removed 

Virgin  soil  (sod) 

Growing  alsike.  full  bloom 

Cultivated  with  crop  removed 


.023 


675 


.005 
.002 
.043 

.028 


125 

60 

1,076 

700 


.015 
.255 


.018 


375 
6.375 

450 


on 

.041 


.012 


275 
1  .025 

300 


.004 
.010 
.101 

.023 


100 

250 

2,525 

575 


.023 
.030 


575 
750 


.004 
.006 
.002 
.002 
.002 
.001 

.005 
.002 
.008 
.005 

.006 
.003 
.006 
.008 

.005 
.012 
.007 
.008 
.015 

.009 
.011 


.024 
.020 
.016 

.015 


600 
500 
375 

375 


.007 
.014 


175 
350 


.008 
.010 
.008 
.002 
.001 

.010 
.006 
.004 
.006 


100 
150 
50 
50 
60 
25 

125 

60 

200 

125 

150 

75 

150 

200 

125 
300 
175 
200 
375 

225 
275 


.001 
.002 
.002 
.004 
.000 
.000 

.004 
.000 
.002 
.003 

.007 
.006 
.004 
.014 

.007 
.008 
.002 
.006 
.010 

.011 
.010 


25 

60 

60 

100 


100 


50 
75 

176 
125 
100 
360 

175 
200 
50 
150 
260 

275 
250 


200 

260 

200 

50 

25 

260 
160 
100 
150 


.013 
.005 
.015 
.013 
.005 

.010 
.012 
.010 
.002 


326 
125 
375 
326 
126 

250 

300 

250 

60 


The  salt  content  of  the  quarter-inch  section  varied  markedly.  Where 
there  was  no  vegetation  a  considerable  concentration  of  salts  vas  found 
in  this  layer,  while  where  vegetation  was  permitted  to  grow  with  few 
exceptions  no  such  accumulation  occurred.  Apparently  some  of  the 
soluble  material  in  the  lower  section  of  the  uncropped  areas  moved  up- 
ward and  was  concentrated  at  the  surface  as  was  expected  from  results 
of  experiments  reported  earlier  in  this  bulletin.  It  is  possible,  however, 
that  this  accumulation  was  due  in  part  to  the  rapid  formation  of  soluble 
material  in  this  layer  and  not  wholly  to  its  concentration  from  other 
sections  of  soil.  The  lack  of  accumulation  on  the  surface  of  the  cropped 
areas  may  be  explained  by  the  utilization  of  the  soil  moisture  to  such 
an  extent  that  there  was  little  capillary  movement  to  the  surface,  which 
according  to  data  presented  previously  would  greatly  reduce  the  move- 
ment of  salts.  Furthermore,  the  removal  of  some  of  the  soluble  material 
by  the  growing  plants  is  to  be  considered. 
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At  this  season  there  were  no  consistent  differences  between  the  solu- 
ble salt  content  of  the  lower  sections  taken  from  cropped  and  uncropped 
soils,  respectively.  Moreover,  the  freezing  point  lowerings,  in  general, 
were  low. 

Several  cropped  and  uncropped  soils  were  sampled  on  August  5  and 
September  3,  respectively,  and  the  soluble  salt  content  determined  ub 
usual.  It  is  unfortunate  that  the  surface  layers  or  quarter-inch  sections 
were  discarded  inasmuch  as  the  rainfall  had  been  small  ten  days  pre- 
vious to  sampling,  according  to  the  data  given  in  table  34.  A  study  of  the 
results  obtained  which  are  given  in  table  23  leads  to  the  conclusion  that 

TABLE  23.— BPPBCT  OF  PLANT  GROWTH  ON  THE  CONCENTRATION  OF  THE  SOIL 

SOLUTION. 


Soil  types  and  crops  grown. 


August  5. 


0-6  in. 


H 
fl 


6-12  in. 


September  3. 


0-6  in. 


"SO" 


6-1 


I 


Miami  sand: 

Virgin,  grass  removed.  .    . 

Virgin,  grass 

Hay. 

Oats 

Crop  removed 

Miami  sandy  loam : 

Virgin,  grass  removed.  .    . 

Virgin,  grass 

Wheat 

Rye 

Hay 

Crop  removed 

Miami  silt  loam : 

Virgin,  grass  removed.  . .  . 
.  Virgin,  grass 

Alsfke 

Corn 

Crop  removed 

Miami,  very  fine  sany  loam: 

Vlrgjn,  grass  removed.  . .  . 

Virgin,  grass 

Hay 

Oats 

Crop  removed 

Clvde  sandy  loam: 

Virgin,  grass  removed .  .    . 

Virgin,  grass 

Beans 

Crop  removed 

Muck: 

Virgin,  grass  removed.  . .  . 

Virgin  grass 

Com 

Crop  removed 

Clyde  silt  loam: 

Virgin,  grass  removed .  .    . 


Virgin,  grass. 
Hed  cT 


Red  clover. 

Weeds 

Oats 

Crop  removed 

Miami  silt  loam: 
Virgin,  grass  removed . 

Virgin,  grass 

Weeds 

Crop  removed 


.006 
.006 
.005 
.003 
.006 

.002 
.002 
;001 
.006 


.023 

.010 
.012 
.002 
.019 
.014 

.009 
.002 
.009 
.003 
.011 

.007 
.016 
.013 
.015 

.023 
.013 
.020 
.026 

.037 
.011 
.016 
.009 
.007 
.018 

.008 
.006 
.002 
.005 


125 
160 
125 
75 
150 

60 

50 

25 

150 


825 

250 
300 
50 
475 
360 

225 
300 
225 
75 
275 

175 
375 
325 
375 

575 
325 
500 
650 

925 
275 
875 
225 
176 
326 

200 

126 

50 

160 


OOl 
004 
004 
003 
006 

010 
002 
000 
004 


019 

006 
003 
001 
007 
016 

010 
006 
005 
010 
012 

005 
003 
009 
004 

020 
012 
014 
016 

012 
Oil 
010 
009 
007 
004 

008 
000 
002 
010 


26 
100 
100 

75 
150 

250 
50 

ioo 


.001 
.007 
.007 
.006 


25 
176 
175 
150 


.002 
.002 
.004 
.004 


60 

50 

100 

100 


476 

125 

75 

26 

176 

400 

260 
150 
125 
260 
300 

126 

75 

225 

100 

500 
300 
350 
375 

300 
275 
260 
225 
176 
100 

200 

000 

60 

260 


.008 
.005 
.002 
.009 
.001 
.031 

.022 
.007 
.009 
.014 
.010 

.006 
.004 
.005 
.006 
.008 

.020 
.007 
.012 


.023 
.013 
.030 
.044 

.020 
.015 
.009 
.013 
.003 
.009 

.007 
.006 


200 
125 

50 
126 

25 
775 

650 
176 
225 
360 
250 

160 
100 
125 
150 
200 

600 
175 
300 


675 

325 

750 

1  ,100 

500 
876 
226 
326 
76 
226 

176 
160 


.002 
.004 
.002 
.006 
.002 
.004 

.006 
.006 
.008 
.008 
.010 

.002 
.002 
.006 
.006 
.008 

.019 
.008 
.Q05 


.018 
.011 
.022 
.027 

.008 
.009 
.008 
.011 
.004 
.007 

.006 
.006 


50 
100 

60 
126 

50 
100 

150 
126 
200 
200 
260 

60 

50 

160 

160 

200 

476 
200 
126 


460 
276 
660 
676 

200 
226 
200 
276 
100 
176 

150 
25 
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the  small  grains  and  grasses  retarded  accumulation  of  soluble  sub- 
stances in  the  soil  solution  in  the  field  soils^  although  not  to  such  a 
marked  degree  as  occurred  in  the  cultures.  On  the  other  hand,  the  cul- 
tivated crops,  com  and  beans  did  not  so  markedly  affect  the  concentra- 
tion of  the  soil  solution  in  the  soil.  The  study  of  the  effect  of  plant 
growth  on  the  concentration  of  the  soil  is  being  continued.  In  the 
studies  several  crops  are  being  grown  on  the  various  soil  classes  under 
different  rates  of  seeding  and  other  conditions. 

THE  EFFECT  OF  DIFFERENT  CONDITIONS  OF  A.  MOISTURE  AND  B.  TEMPERATURE 
ON  THE  RATE  OF  FORMATION  OF  SOLUBLE  SALTS  IN  CROPPED  AND  VIRGIN  SOILS. 

The  differences  in  productivity  between  virgin  and  long  cultivated  soils 
has  been  the  subject  of  much  investigation.  Chemical  analyses  have 
shown  in  some  cases  differences  in  the  total  as  well  as  the  easily  soluble 
mineral  nutrients  and  difference  in  the  organic  matter  content  are  some 
times  quite  marked.  It  is  admitted,  however,  that  no  method  yet  devised 
furnishes  a  consistent  measure  of  the  productivity  of  soils. 

Many  phases  of  the  factors  that  effect  the  solubility  of  soil  constitu- 
ents have  been  investigated  by  Bouyoucos,  the  results  of  which  appear 
in  another  publication. 

The  idea  suggested  itself  to  the  writers  that  possibly  there  is  some 
difference  in  the  rate  of  formation  of  soluble  constituents  in  cropped 
and  virgin  soils.  In  consequence  experiments  were  undertaken  to  measure 
the  variations  in  the  concentration  of  the  soil  solutions  of  such  soils 
under  different  conditions  of  moisture  and  temperature. 

For  use  in  these  experiments  samples  of  soils  in  the  vicinity  of  the 
College  were  collected  on  the  22nd  of  March.  An  effort  was  made  to 
obtain  soils  which  had  been  cropped  for  a  long  ];)eriod  of  years  with  little 
or  no  addition  of  manure  or  other  fertilizing  material.  A  sample  of  the 
virgin  soil  from  a  line  feiice  was  also  collected.  The  samples  represent 
the  first  six  inches  of  soil.  Similar  samples  were  taken  May  17th  in 
Lenawee  county  from  soils  whose  productivity  had  been  greatly  decreased., 

A.      MOISTURE. 

High  Water  Content.  For  these  investigations  20  gram  samples  of 
the  soils  from  Ingham  county  were  weighed  into  ordinary  freezing  point 
tubes  and  20  c.c.  of  distilled  water  added.  After  one  hour  the  freezing 
point  depress! jns  were  determined  with  a  Keckmann  thermometer  in 
the  usual  manner.  The  tubes  were  then  stoppered  and  stored  in  a  con- 
stant temperature  chamber  at  25 °C.  Weekly  the  contents  of  the  tubes 
were  thoroughly  agitated  by  stirring  and  shaking  and  the  tubes  allowed 
to  stand  unstoppered  for  a  short  time  in  order  to  permit  the  escape  of 
carbon  dioxide  which  might  have  been  formed  and  which  if  allowed  to 
remain  might  affect  the  freezing  point  depression. 

The  freezing  point  lowerings  of  the  soil  solution  and  the  calculated 
parts  per  million  of  soluble  salts  after  ten  and  thirty-day  periods  are 
shown  in  table  24. 
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These  data  show  that  with  the  exception  of  the  Clyde  sandy  loam  the 
virgin  soils  have  a  much  greater  concentration  of  soil  solution  after  len 
days,  than  do  the  cropped  samples.  The  increase  varies  from  twice 
as  much  in  the  case  of  Miami  silt  loam  to  three  times  as  much  in  the 
case  of  Miami  very  fine  sandy  loam. 

At  the  expiration  of  the  thirty-day  period*  a  tendency  for  the  concen- 
trations of  the  solutions  of  the  cropped  and  virgin  soils  to  approach  each 
other  is  noticeable  in  the  case  of  the  samples  of  Miami  silt  loam.  This 
is  brought  about  in  one  case  by  a  further  increase  of  the  soluble  salts  in 
the  cultivated  soil  and  in  the  othet  case  by  a  decrease  in  the  salt  con- 
tent of  the  virgin  sample.  There  is  still  quite  a  distinct  excess  of  soluble 
material  in  the  virgin  samples  of  sand  and  very  fine  sandy  loam  over  that 
of  the  corresponding  cropped  soils. 

In  only  one  case  is  there  a  distinct  increase  in  the  amount  of  soluble 
material  present  after  30  days  over  that  found  after  10  days  while  in 
four  cases  there  is  an  appreciable  decrease.  This  phenomenon  is  quite 
interesting  and  will  be  referred  to  later  on. 

The  data  presented  indicate  that  while  there  is  a  marked  tendency  for 
both  cropped  and  virgin  soils  to  show  an  increase  in  soluble  salt  content 
after  standing  at  the  water  content  used,  the  solubility  of  the  virgin 
soils  on  the  whole  is  greater  than  is  that  of  the  cropped  soils. 

Medium  Water  Content.  For  these  experiments  20  grams  of  soil 
were  placed  in  freezing  point  tubes  and  10  c.c.  of  distilled  water  added. 
In  the  case  of  the  heavy  soils  this  amount  of  water  was  sufficient  to  make 
a  thick  mud  while  with  the  lighter  loams  and  sands  water  stood  over 
the  surface  of  the  soil  after  settling. 

As  in  the  previous  series  the  freezing  point  lowerings  were  determined 
one  hour  after  adding  the  water  and  again  after  standing  ten  and  thirty 
days,  respectively,  at  a  temperature  of  25 °C.  The  same  precautions 
were  taken  to  prevent  the  accumulation  of  carbon  dioxid  or  other  gases. 

The  following  table  shows  the  results  obtained  with  the  soils  from 
Ingham  county. 
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The  above  data  show  an  increase  in  the  concentration  of  the  soil 
solution  after  10  days  in  all  cases  except  one,  namely,  the  virgin  sample 
of  Clyde  sandy  loam,  which  remained  practically  constant.  In  three 
cases  there  was  a  greater  increase  in  the  soluble  salt  content-  of  the 
virgin  samples  than  of  the  cropped,  while  in  two  instances  the  increase 
in  concentration  of  the  soil  solution  of  the  cropped  soils  was  greater 
than  that  of  the  virgin. 

After  30  days  only  two  samples  showed  a  greater  increase  in  the  salt 
content  of  the  virgin  soils  than  of  the  cropped.  In  one  case  both  cropped 
and  virgin  samples  decreased  in  soluble  salt  content  and  in  one  case 
the  increase  was  the  same. 

It  is  interesting  to  note  that  the  tendency  for  the  soluble  salt  con- 
tent to  decrease  between  the  10-day  and  30-day  periods  which  was 
observed  with  the  high  water  content  used  in  the  preceding  experiment 
was  much  magnified  in  this  series. 

The  results  obtained  from  licnawee  county  soils  with  medium  water 
content  are  given  in  table  26. 
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The  Lenawee  county  soils  showed  no  appreciable  increase  in  the  con- 
centration of  the  soil  solution  after  10  days  in  five  instances.  In  two 
cases  there  was  a  slight  decrease  in  the  concentration  of  the  soil  solutioju. 
In  five  soils  the  virgin  samples  showed  a  decidedly  greater  increase  in 
the  soluble  salt  content  than  the  cropped  samples. 

At  the  end  of  the  thirty-day  period  these  soils  exhibited  a  decided 
difference  in  behavior  from  the  Ingham  county  soils  under  the  same 
conditions.  In  every  case  but  one  there  was  a  marked  increase  in  the 
soluble  salt  content  above  that  present  after  ten  days.  This  is  a  very 
interesting  point  and  further  reference  will  be  made  to  it. 

At  the  end  of  the  second  period  four  soils  showed  a  greater  increase 
in  the  concentration  of  the  solution  of  the  virgiu  sample  than  in  that 
of  the  cropped.  In  one  soil  there  was  no  difference  and  in  two  cases  the 
cropped  samples  were  lost  so  comparisons  could  not  be  made. 

A  summary  of  the  results  with  the  Lenawee  county  soils  brings  out 
that  there  is  a  tendency  for  virgin  soils  to  go  into  solution  to  a  greater 
extent  than  the  cropped.  This  agrees  with  the  results  from  the  Ingham 
county  soils  at  high  water  content  but  is  somewhat  at  variance  with  the 
results  obtained  when  a  medium  water  content  was  used. 

Optimum  Water  Content.  In  order  to  simulate  field  conditions  more 
nearly  it  was  considered  advisable  to  carry  on  a  series  of  experiments 
in  which  the  soils  were  maintained  at  a  moisture  content  similar  to  that 
found  under  natural  conditions. 

For  this  investigation  samples  of  soil  from  Lenawee  county  were  used. 
They  were  brought  to  a  laboratory  as  quickly  as  possible,  screened 
through  a  coarse  screen  and  thoroughly  mixed.  When  not  sufficiently 
moist  distilled  water  was  added  to  bring  them  to  optimum  moisture 
content.  Two  hundred  gram  samples  were  weighed  into  sterile  tumblers 
and  incubated  at  25° C.  To  determine  the  freezing  point  depression 
sufficient  distilled  water  was  added  to  make  a  thick  cream  and  the  soil 
stirred  thoroughly  to  insure  uniformity.  Samples  were  removed  with  a 
spoon  to  a  freezing  point  tube  and  the  determinations  made  with  the 
Beckmann  thermometer,  as  usual. 

In  the  table  below  are  found  the  freezing  point  depressions  and  Ihe 
calculated  parts  per  million  of  soluble  salts  present  at  the  beginning  of 
the  experiment  and  after  16  and  42-day  periods. 
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All  the  samples  showed  a  marked  increase  in  soluble  salt  content  after 
incubating  sixteen  days,  except  a  silt  loam  taken  from  a  poorly  drained 
area. 

In  four  of  the  seven  soils  tested  there  was  an  appreciably  greater 
increase  in  the  concentration  of  the  soil  solntioji  of  the  virgin  samples 
than  of  the  cropped.  The  cropped  and  virgin  samples  of  the  other  three 
soils  seem  to  have  increased  at  approximately  tlie  same  rate. 

After  forty-two  days  incubation  at  25°C,  a  distinct  decrease  in  the 
soluble  salt  content  of  several  samples  was  observed.  This  is  in  accord 
with  the  results  obtained  with  the  Ingham  county  soils  at  high  and 
medium  water  content,  but  somewhat  at  variance  with  the  data  for  the 
Lenawee  county  soils  at  medium  water  content.  To  what  this  decrease 
in  soluble  salts  is  due  is  not  made  evident.  It  may  be  in  some  cases  due 
to  the  utilization  of  the  soluble  material  by  organisms  or  it  may  be  due 
to  a  readsorption  of  the  salts  by  the  soil  or  to  tlie  formation  of  less 
soluble  substances. 

At  the  end  of  this  period  the  virgin  samples  of  four  of  the  soils  were 
found  to  have  larger  amounts  of  soluble  salt«  present  than  the  corres- 
ponding cropped  samples.  In  one  case  the  cropi)ed  sample  attained 
a  higher  concentration  than  the  virgin  and  in  the  remaining  soils  prac- 
tically no  difference  was  evidenced.  In  conclusion  it  may  be  stated  that 
on  the  whole  there  is  a  difference  in  the  rate  of  solubility  of  cropped 
and  virgin  soils.  In  some  cases  the  difference  is  slight  and  even  the 
reverse  condition  may  exist,  but  apparently  a  decrease  in  the  rate  of 
formation  of  soluble  substances  is  one  of  the  changes  which  soils  usually 
undergo  as  a  result  of  long  continued  cropping  without  the  addition 
of  fertilizing  material. 

It  must  be  noted,  however,  that  the  date  of  sampling  of  soils  probably 
has  a  great  deal  of  influence  upon  the  reaction  of  the  soil  under  different 
conditions  of  moisture  and  temperature.  In  other  words  the  organisms 
in  the  soil  and  also  the  salt  content  are  factors  to  be  reckoned  with.  A 
sample  of  soil  taken  from  the  field  in  March  may  react  differently  from 
another  sample  taken  later  on  in  the  growing  season.  In  fact  our  pre- 
liminary studies  point  strongly  in  this  direction. 

B.      TEMPERATURE. 

The  soils  used  in  the  investigation  were  those  collected  in  Ingham 
and  Lenawee  counties.  Twenty  grams  of  the  air  dry  soil  were  treated 
with  ten  cubic  centimeters  of  distilled  water  in  a  freezing  point  tube. 
One  series  was  stored  in  a  constant  temperature  chamber  at  25° C.  These 
samples  were  agitated  every  week  to  remove  gas  as  before  described.  The 
second  series  of  tubes  were  kept  in  ice  water.  These  samples  were  also 
aerated  occasionally  to  allow  the  escape  of  gaseous  material. 

In  table  28  are  given  the  freezing  point  depressions  of  the  Ingham 
county  soil  solutions  and  also  the  soluble  salt  content  in  parts  per  mil- 
lion after  periods  of  ten  and  thirty  days  at  the  respective  temperatures. 
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Considering  the  results  at  the  conclusion  of  the  ten-day  period  it  is 
seen  that  with  the  exception  of  two  samples  all  the  soils  stored  at  25°C 
showed  an  appreciable  increase  in  the  concentration  of  the  solution.  Of 
the  samples  maintained  at  the  low  temperature  several  failed  to  show 
an  appreciable  increase  in  the  soluble  salt  content.  It  is  noteworthy 
that  the  increases  in  concentration  of  the  solution  of  soils  kept  in  ice 
are  much  smaller  than  those  of  the  samples  maintained  at  25  °C. 

After  thirty  days  a  general  tendency  for  the  concentration  of  the  soil 
solution  to  be  less  was  observed  in  the  samples  stored  at  both  tempera- 
tures. There  are  more  exceptions  to  this  in  the  series  maintained  at  the 
low  than  at  the  higher  temperature.  The  samples  held  at  the  low  tem- 
perature on  the  whole  showed  a  lower  average  concentration  of  the  soil 
solution  than  those  placed  in  the  25  °C  chamber,  but  due  to  the  failure 
of  a  number  of  the  samples  maintained  at  the  low  temperature  to  decrease 
in  soluble  salt  content  between  the  ten-day  and  thirty-day  periods,  there 
are  a  number  of  cases  where  this  is  not  true. 

The  results  obtained  from  studies  of  the  Lenawee  county  soils  at  the 
close  of  the  thirty-day  period  are  to  be  found  in  table  29. 

TABLE  29.— EFFECT  OF  TEMPERATURE  ON  THE  RATE  OF  SOLUBILITY  OF  VARIOUS 

SOILS. 

Lbnawkb  Countt  Soils. 


Description  of  sample. 


Original. 


Depres- 
sion. 


Parts 

J)er 
llion. 


After  30  6&ys. 


26  °0. 


Depres- 
sion. 


Parts 

per 

million. 


Low 
temperature. 


Depres- 
sion. 


Parts 

per 

million. 


Silt  loam,  cultivated .  .    . 

Silt  loam,  vir Kin 

Silt  loam,  cultivated .  .    . 

Silt  loam,  virgin 

Medium  sand,  cultivated 

Medium  sand,  virgin 

Clay  loam,  cultivated.  . . 

Olay  loam,  virgin 

Sandy  loam,  cultivated. . 

Sandy  loam,  virgin 

Medium  sand,  cultivated 

Medium  sand,  virgin 

Silt  loam,  cultivated .... 
Silt  loam,  virgin 


.017 
.016 
.014 
.012 
.006 
.017 
.023 
.015 
.009 
.016 
.007 
.006 
.016 
.021 


425 

400 

3501 

300^^ 

160f 

4251 

5751 

3761 

225 

400' 

175' 

1501 

400 

5251 


.059 
.035 
.058 
.027 
.074 
.015 
.039 
.034 
.  .056 

.022 
.050 
.055 


1  ,475 
875 

1  ,450 
675 

1  .850 
375 
975 
850 

1,400 

'  "550 
1  .250 
1.350 


.014 

350 

.012 
.013 

300 
326 

.019 

475 

.020 
.008 
.027 
.006 
.021 

600 
200 
676 
150 
625 

.017 


426 


After  thirty  days  with  one  exception  the  samples  stored  at  25 °C 
showed  considerable  increases  in  soluble  salt  content  over  that  which  they 
contained  at  the  beginning  of  the  experiment,  while  the  difference  in  the 
freezing  point  lowerings  of  the  soils  maintained  at  this  lower  temperature 
did  not  differ  markedly  from  the  originals. 
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THE  SOLUBLE  CONTENT  OP  UNCROPPBD  FIBIJ)  SOILS  AT  DIFFERENT  SEASONS 

OF  THE  TEAR. 

It  was  pointed  out  in  an  earlier  part  of  this  paper  that  temperature 
and  moisture  content  have  an  appreciable  effect  on  the  solubility  of  the 
soil  constituents.  In  view  of  this  it  may  be  expected  that  the  soluble 
salt  content  of  field  soils  will  vary  somewhat  with  the  seasonable  varia- 
tions of  climate.  In  order  to  obtain  information  concerning  the. relative 
magnitude  of  such  variations,  if  they  occur,  samples  were  obtained  from 
several  soil  classes  at  different  periods  during  the  growing  season.  Both 
the  virgin  soils  and  soils  from  adjacent  fields  were  sampled. 

To  obviate  the  effect  of  plant  growth  small  areas  were  kept  free  from 
vegetation  and  the  samples  taken  from  these  areas.  Owing  to  a  mis- 
understanding the  surface  quarter  inch  of  soil  was  removed  before  sam- 
pling and  then  sections  taken  to  a  depth  of  six  and  twelve  inches,  respec- 
tively. The  results  thus  far  obtained  are  presented  in  tables  30,  31,  32, 
33,  and  the  diagramatic  presentation  of  the  data  is  set  forth  in  the  accom- 
panying graphs. 
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As  shown  by  the  data  the  concentration  of  the  soil  solution  in  the  soils 
Vas  found  to  vary  especially  in  the  surface  layer.  With  the  exception 
of  the  virgin  sample  of  Miami  silt  loam,  there  was  a  larger  amount 
bf  soluble  material  present  in  the  surface  soil  on  June  3rd  than  there  was 
in  the  early  spring.  Prom  June  3rd  to  July  2nd  there  was  more  varia- 
tion in  the  behavior  of  the  soils,  the  majority  showing  a  decrease  in  the 
concentration  of  the  soil  solution  while  several  showed  u  further  increase. 
Puring  August,  September  and  October  the  amount  of  soluble  material 
present  in  practically  all  the  soils  was  quite  small  and  showed  no  great 
tendency  to  vary.  This  tendency  for  the  soil  solution  to  reach  a  maxi- 
mum concentration  in  the  early  summer,  when  plant  growth  is  at  a  maxi- 
mum is  extremely  interesting.  The  behavior  of  the  muck  soil  was  rad- 
ically different  from  that  of  the  mineral  soils,  especially  during  the 
latter  part  of  the  season,  when  a  decided  tendency  for  the  concentration 
of  the  soil  solution  to  increase  still  further  was  manifested.  It  is  inter- 
esting to  note  that  the  fluctuations  in  concentration  of  the  soil  solution 
of  the  soils  previously  cultivated  were  much  more  marked  than  those  from 
the  virgin  areas.  This  may  possibly  be  due  to  the  distribution  of  the 
organic  matter  to  a  greater  depth  thus  affording  a  large  zone  of  action 
to  the  soil  organisms. 

The  Concentration  of  the  soil  solution  of  the  lower  layer  of  the  soils 
studied  showed  no  tendency  to  increase  in  June  and  July.  In  fact  in 
several  cases  a  slight  decrease  was  noted.  During  the  remainder  of  the 
season  the  variations  in  the  amount  of  soluble  material  present  were  also 
quite  small.  There  seemed  a  tendency  for  a  slight  decrease  in  concen- 
tration on  September  3rd,  but  the  amount  of  change  was  almost  negli- 
gible. Aside  from  the  lack  of  variation  in  the  concentration  of  the  soil 
solution  in  this  layer  of  soil  the  most  interesting  point  brought  out  is  the 
small  amount  of  soluble  material  present  during  the  growing  season. 
The  muck  soil  again  is  at  variance  with  the  mineral  soils,  it  containing 
much  more  soluble  material  and  showing  somewhat  more  of  a  tendency 
for  the  amount  present  to  vary. 

The  results  of  this  study  indicate  that  the  changes  in  concentration 
of  the  soil  solution  of  soils  free  of  vegetation  and  untilled  are  confined 
mainly  to  the  surface  layer.  These  changes  are  more  pronounced  during 
the  period  from  March  twenty-second  until  July  second,  although  the 
precipitation  data  in  table  34  should  be  considered  in  this  connection. 
Moreover,  the  soils  which  had  been  under  cultivation  a  number  of  years 
showed  a  greater  activity  in  this  respect  than  the  corresponding  virgin 
soils.    These  studies  together  with  additional  ones  are  being  continued. 


Digitized  by 


Google 


EXPERIMENT  STATION  BULLETINS. 
TABLE  34— RAINFALL  AT  EAST  LANSING. 


G7I) 


March. 

April. 

May. 

June. 

July. 

Aufirust. 

Sept. 

Oct. 

1        

0 
0 

.08 
.22 

0 
0 

0 
0 

0 
.04 

0 
0 

0 

T 

.10 

2 

.04 

3 

0 

.04 

T 

0 

0 

0 

0 

0 

4 

.11 

0 

0 

0 

0 

.04 

1.42 

0 

5 

0 

0 

.21 

T 

T 

0 

0 

0.01 

6 

T 

.02 

.15 

.13 

0 

0 

0 

T 

7 

0 

.02 

.22 

0 

0 

0 

.25 

0 

8 

0 

T 

0 

0 

0 

.04 

0 

0.05 

9 

.66 

0 

.25 

.01 

0 

T 

0 

0.15 

10 

.01 

0 

.16 

.03 

.21 

0 

0 

0 

11 

0 

.01 

0 

0 

.28 

.16 

.39 

0.06 

12        

0 

1.49 

.64 

0 
0 
0 

•    93 

T 

0 

0 

T 

.23 

0 
0 
0 

T 
0 

0 

.26 
0 
.04 

0.01 

13 

0 

14 

0 

15 

T- 

0 

0 

0 

T 

0 

.10 

0 

16 

0 
0 

.05 
.54 

0 

T 

T 

0 

.06 
0 

.03 
0 

0.18 
0 

0 

17 

0 

18 

0 
0 
0 

T 

0 
0 
0 
0 

T 
0 
0 

.04 

0 

.02 
.16 
.04 
.08 

0 

0 

.11 
.01 
.27 

0 

.04 
.01 

0 
.13 

0 

.08 
.41 
.08 
.05 
.02 

0 
0 
0 

.17 
0 
0 

.01 

.02 
0 
.     32 

.02 

0 
0 
0 
0 

T 

T 

0 

'              T 

1.36 

T 

0 

0 

0 

0 
.11 

0 
.25 

0 

0 

0 

0 
.42 

0  03 
0.01 
0.02 

T 

0 
0 
0.05 
0.12 
0 
0 
0 

0 

19      

0.35 

20 

0.33 

21             

0 

22 

0 

23      

0.44 

24 

0.69 

25           

0  04 

26 

T 

27        

0.84 

28 

T 

29                

0 
0 
.67 

.06 
.20 

.08 
.07 

T 

0 
1.13 

.01 
0 
0 

0 

T 

.39 

0.01 
0 

T 

30    

0 

31 

0.10 

Total 

3.58 

1.97 

2.89 

2.07 

1.96 

1.44 

2.88 

3.21 

CONCLUSION. 

The  translocation  of  salts  in  the  soil  is  due  mainly  to  water  movements. 
When  large  quantities  of  salt  are  present  there  is  a  movement  to  areas  of 
lower  concentration  even  when  water  movements  are  prevented.  Higher 
water  contents  Of  the  soil  aid  this  movement. 

Since  the  soluble  salt  content  of  field  soils  is  relatively  low  according 
to  the  data  presented,  it  is  probable  that  plants  are  supplied  with  food 
elements  by  diffusion  from  local  areas  around  the  roots  only. 

The  accumulation  of  soluble  salts  on  the  surface  of  uncropped  areas 
indicate  that  when  water  movements  occur  in  the  soil  salts  are  carried 
along  with  it.  That  these  movements  do  not  take  place  to  any  great 
depth  is  evidenced  by  the  results  of  various  investigations  showing  but 
little  movement  of  water  from  the  subsoil  to  the  feeding  zone  of  the 
roots.  It  seems  improbable  that  any  great  quantity  of  soluble  material  is 
supplied  to  the  plants  from  depths  below  those  of  root  penetration. 

The  quantity  of  soluble  salts  in  greenhouse  soils  may  become  too  great 
for  proper  plant  development.  Moreover,  plant  growth  may  be  inhibited 
in  muck  soils  by  the  accumulation  of  soluble  substances  in  the  upper 
layers^ 

The  data  presented  show  that  plants  may  materially  reduce  the  soluble 
salt  content  of  the  soil. 

As  a  result  of  laboratory  studies  it  appears  that  the  constituents 
of  soil  which  have  been  cropped  for  a  long  period  of  years  go  into  solution 
at  a  somewhat  slower  rate  than  do  those  of  the  corresponding  virgin  soils. 
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The  rate  of  solution  of  the  soils  studied  is  governed  to  some  extent  by 
temperature  it  being  more  rapid  at  25°C  than  at  temperatures  approach- 
ing 0°C.  Moreover,  the  moisture  content  has  a  marked  influence  on 
the  rate  of  solubility  of  the  soil  constituents.  It  is  probable  that  bio- 
logical activities  play  an  important  role  in  these  phenomena. 

Usually  the  concentration  of  the  soil  solutions,  at  all  water  contents, 
of  the  soils  tested,  were  lower  at  the  end  of  thirty  days  than  after  ten 
days,  that  it  under  laboratory  conditions.  This  may  be  due  to  reab- 
sorption  of  the  soluble  material  by  the  soil,  to  the  utilization  of  the  salts 
by  organization  and  to  the  formation  of  less  soluble  compounds. 

The  concentration  of  the  soil  solution  4n  the  soil  is  variable.  In^several 
soils  studied  it  varied  somewhat  with  the  seasons,  rainffill,  different 
depths  of  the  soil  and  with  plant  growth. 

It  is  probable  that  the  variations  in  thi*  concentration  of  the  soil  solu- 
tion, in  some  instances  at  least,  have  n«t  been  sufficiently  considered  in 
biological  studies  where  conclusions  have  been  drawn  based  upon  the 
results  obtained  from  studies  of  the  w»ter  extracts  of  soils.  Moreover, 
it  does  not  seem  possible  to  determine  tlie  fertilizer  needs  of  soils  by  ob- 
taining water  extracts  and  growing  plantn  therein. 

The  seasonable  variation  in  the  soluhlft  salt  content  of  soils  doubtless 
plays  an  important  role  in  the  results  obtained  from  the  use  of  fertilizers. 
Additional  information  concerning  the  •^luble  salt  content  of  soils  will 
be  presented  later. 
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Technical  Bulletin  No.  44. 


BY  GEORGE  J.  BOUYOUCOS. 

INTRODUCTION. 

A  study  of  the  rate  and  extent  of  solubility  of  soils  is  obviously  of 
the  greatest  fundamental  importance  both  from  the  practical  as  well 
as  the  theoretical  standpoint.  In  this  study  are  involved  the  important 
questions  (1)  of  the  velocity  and  amount  of  soil  material  going  into 
solution;  (2)  to  what  extent  the  solubility  of  soils  follows  the  recognized 
laws  of  solution  such  as  the  mass  law,  solubility  law,  etc.,  (3)  if  the 
solubility  of  soils  attains  equilibrium  and  the  soil  solution  becomes 
saturated  and  remains  constant;  (4)  the  difference  in  rate  and  extent^ 
of  solubility  of  soils  under  different  treatments  and  state  of  fertility,  etc. 

From  the  answers  to  these  questions  it  can  then  be  ascertained  (1) 
the  rate  at  which  the  soils  are  able  to  give  up  material  to  the  solution 
for  the  use  of  the  plants;  (2)  the  rate  and  amount  of  material  that^  is 
likely  to  be  lost  through  leaching;  (3)  the  velocity  at  which  soils  are  able 
to  recuperate  after  a  thorough  leaching  or  exhaustion  by  the  growth  of 
plants,  etc.  All  this  information  is  of  course  of  the  greatest  importance 
in  the  study  of  the  fertility  of  soils. 

Although  a  tremendous  amount  of  work  has  been  done  on  the  quantity 
of  soluble  salts  in  soils,  very  little  work  has  been  performed  on  the  rate 
and  extent  of  solubility  of  soils.  Indeed,  there  appears  to  be  on  record 
no  extensive,  thorough  and  purposeful  investigation  upon  the  problem 
except  a  few  incidental  experiments  or  indirect  observations. 

As  a  result  of  this  insuflScient  ii:ivestigation  our  present  knowledge  of 
the  subject  is  very  limited,  conflicting  and  confusing. 

With  the  hopes  of  contributing,  if  possible,  a  definite  and  true  solution 
of  the  problem  an  investigation  of  it  was  undertaken.  In  this  investiga- 
tion a  new  method  was  applied,  namely,  the  freezing  point  method. 
This  method  appeared  and  has  proved  to  be  very  ideal  for  the  purpose. 
The  problem  received  a  thorough  study  and  it  is  the  object  of  this  bulletin 
to  present  the  results  obtained. 

The  investigation  was  begun  in  June,  1917.  In  February,  1918,  or 
nine  months  later,  there  appeared  in  the  Journal  of  Agricultural  Re- 
search an  article  by  D.  R.  Hoagland  entitled  "The  Freezing  Point  Method 
as  an  Index  of  Variation  in  the  Soil*  Solution  Due  to  Season  and  Crop 
Growth."  In  this  article  Hoagland  presents  one  or  two  experiments 
which  were  already  independently  done  by  the  writers.  It  will  be  of 
interest  to  state  that  the  results  of  these  respective  experiments  lead  all  of 
us  to  draw  identical  conclusions. 
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The  general  subject  of  solubility  of  soils  under  different  conditions 
and  treatments  is  being  investigated  at^his  laboratory  from  all  different 
angles.  McCool  and  Millar  are  making  a  very  detailed  and  compre- 
*  hensive  study  on  the  salt  content  and  solubility  of  virgin  and  cropped 
soils,  using  the  freezing  point  method  as  a  means,  and  in  addition  the 
carbon  dioxide  produced  is  also  being  determined,  wMle  Spurway  is 
making  a  chemical  analysis  of  the  material  that  goes  into  solution  in 
treated  and  untreated  soils  upon  long  standing  in  contact  with  water. 

METHODS  OP  PROCEDURE. 

The  rate  and  extent  of  solubility  of  soils  were  measured  (1)  in  natural 
or  untreated  soils,  (2)  in  soils  treated  with  salts  and  acids,  and  (3)  in 
treated  and  untreated  soils  at  various  moisture  contents  and  at  different 
degrees  of  temperature. 

In  order  to  secure  a  proper  and  accurate  measurement  of  the  rate 
and  extent  of  solubility  the  soils,  both  treated  and  untreated,  were 
washed  until  they  had  a  freezing  point  depression  very  close  to  that 
of  distilled  water.  The  advantage  and  necessity  of  this  procedure  are 
obvious.  If  the  soils  were  not  washed  their  solution  might  already  be 
in  equilibrium  or  saturated  and  consequently  no  definite  and  reliable  data 
could  be  obtained  on  their  rate  and  extent. of  solubility. 

Thet  natural  soils  were  washed  by  placing  a  certain  amount  of  soil, 
either  air-dried  or  fresh,  upon  a  filter  paper  in  a  funnel  and  washed 
by  the  bleaching  process  until  practically  all  their  free  soluble  salts  were 
washed  away  as  indicated  by  the  freezing  point  depression.  The  wash- 
ing was  usually  continued  until  the  depression  of  the  soil  was  reduced 
to  about  .005  °C,  which  is  equivalent  to  about  125  parts  of  solid  matter 
per  million  parts  of  liquid.  The  amount  of  water  that  was  necessary 
to  pass  through  the  soil  to  reduce  its  salt  content  to  the  above  amount 
varied  with  the  soil  but  it  usually  ranged  from  400  to  800  c.c. 

In  the  case  of  the  treated  soils  about  50  grams  of  soil  were  mixed  with 
150  c.c.  of  N/10  salt  solution  or  acid,  and  the  mixture  allowed  to  stand 
for  about  24  hours,  with  occasional  shaking.  It  was  then  poured  on 
the  filter  paper  in  the  funnel  and  the  soil  washed  until  its  freezing  point 
depression  was  reduced  to  the  desired  point. 

After  the  soils  were  washed  two  procedures  were  usually  followed: 
In  the  one  procedure  a  small  amount  of  the  washed  soil-was  placed  in  a 
glass  freezing  point  tube  and  enough  water  was  added  to  it  to  bring  it 
up  to  a  medium  thin  mud  or  to  a  ratio  of  1  of  soil  to  .7  of  water.  The 
soil  was  allowed  to  remain  in  the  tube,  care  being  taken  to  prevent  loss 
of  water  by  keeping  the  tube  stoppered,  and  the  freezing  point  depression 
of  the  soil  wa.s  determined  immediately  an<l  often  thereafter  as  it  was 
deemed  necessary.  Usually  the  deternlination  was  made  every  day  the 
first  four  or  five  days  and  quite  often  thereafter.  Many  of  the  experi- 
ments were  allowed  to  continue  for  tour  months. 

In  the  second  procedure,  the  remaining  washed  soil  was  allowed  to 
lose  moisture  on  the  filter  paper  undisturbed  until  it  reached  the  optimum 
moisture  content  and  then  it  was  placed  in  a  glass  tumbler,  mixed  thor- 
oughly, weighed,  and  from  time  to  time  water  was  added  to  it  to  main- 
tain its  moisture  at  the  optimum  content.    At  the  end  of  10,  30  and  60 
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days  a  sample  was  taken  from  the  soil,  air-dried,  and  its  freezing  point 
depression  determined  by  using  15  grams  of  air  dry  soil  with  10  c.c.  of 
water. 

In  the  first  procedure  it  was  desired  to  ascertain  the  rate  and  extent 
of  solubility  of  soils  at  a  rather  high  moisture  content  or  when  there  was 
plenty  of  free  water  present,  so  that  when  the  soil  had  thoroughly  set- 
tled in  the  tube  there  would  be  a  thin  layer  of  free  water  at  the  top  of 
the  soil  column. 

In  the  second  procedure  it  was  desired  to  attain  the  same  object  when 
the  moisture  content  was  maintained  at  the  optimum  content  and  thus 
under  more  practical  conditions. 

In  a  limited  number  of  experiments  a  third  procedure  was  also  followed. 
In  order  to  study  more  extensively  the  effect  of  the  mass  law  or  the 
relative  masses  of  soil  and  water  upon  the  solubility  of  soils  5  grams*  of 
soil  were  placed  in  the  freezing  tube  and  washed  several  times  by  de- 
cantation.  Then  to  this  washed  soil  was  added  about  25  c.c.  of  dis- 
tilled water  so  that  the  ratio  of  soil  to  water  was  about  1  to  5.  The 
rate  and  extent  of  solubility  of  soils  at  this  high  water  content  were 
measured  in  the  same  manner  as  in  the  other  studies. 

The  rate  and  extent  of  solubility  of  soils  at  these  various  moisture 
contents  were  measured  at  different  temperatures.  On  the  whole,  only 
three  sets  of  temperatures  were  employed  (1)  below  freezing,  20 "^  (room 
temperature)  and  53°C.  The  results  at  below  freezing  were  obtained 
outdoors  during  the  winter  months,  and  those  at  53° C  in  a  copstant 
temperature  oven. 

The  soils  at  the  optimum  moisture  content  were  kept  mostly  outdooi's. 
In  fact,  an  attempt  was  made  to  simulate  as  much  as  possible  the  prac- 
tical or  field  conditions. 

The  tubes  containing  the  soils  at  the  high  moisture  contents  were  kept 
stoppered,  but  in  order  to  avoid  the  accumulation  of  any  gases  and 
especially  carbon  dioxide,  they  were  opened  very  often  and  the  soils 
were  stirred  and  thoroughly  aerated. 

The  freezing  point  apparatus  employed  was  practically  the  Siinie  as  that 
used  in  former  investigations  and  described  in  previous  publicaticuis.^ 
It  consisted  briefly  of  two  parts,  a  bath  and  a  Beckmann  thermometer. 
The  bath  was  composed  of  two  earthen-ware  jars  placed  one  inside  the 
other  an<l  well  insulated.  Its  temperature  was  maintained  at  about  -2" 
by  me^uis  of  crushed  ice  and  common  salt. 

The  freezing  point  lowering  was  determined  by  placing  the  tube  con- 
taining the  soil  directly  into  the  cooling  mixture  and  stirred  the  soil 
constantly  by  means  of  the  Beckmann  thermometer  until  the  temperature 
fell  to  about  1  °  above  the  zero  point  of  the  thermometer.  Then  the  soil 
was  allowed  to  remain  undisturbed  until  its  temperature  fell  to  about 
0.5°  below  the  zero  point  of  the  thermometer  when  the  soil  was  again 
stirred  by  means  of  the  thermometer  in  order  to  cause  solidification  to 
take  place.  As  soon  as  solidification  commenced  the  tube  was  at  once 
taken  out  of  the  cooling  mixture  and  placed  in  the  air  jacket  in  the  same 
bath.  The  soil  was  gently  stirred,  the  thermometer  tapped  and  the 
freezing  point  read  by  means  of  a  lens.  By  this  procedure  it  took  only 
about  ten  minutes  to  make  a  freezing  point  determination. 

(1)   Mich.  Ajcrl.  Expt.  Sta.  Fed.  Bui.  31.  1916. 
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EXPERIMENTAL  WORK. 

Rate  and  Extent  of  Solubility  of  Soils  Treated  with  Single  Salt  Solu- 
tions and  then  Washed  until  all  their  Free  Soluble  Salts  were  Elimi- 
nated. Ratio  of  Soil  to  Water  was  1  to  .7  and  Mixture  Maintained  at 
Room  Temperature. 

From  the  logical  standpoint  the  investigation  on  the  solubility  of 
natural  or  untreated  soils  ought  to  be  considered  first,  but  because  of 
the  fact  that  the  investigation  on  the  solubility  of  treated  soils  presents 
many  more  fundamental  and  general  principles  and  offers  a  better  basis 
for  general  understanding  and  explaining,  it  is  considered  first. 

The  first  study  of  the  solubility  of  treated  soils  consisted  of  measuring 
the  rate  and  extent  of  solubility  of  various  soils  treated  with  single  salt 
solutions  of  tenth  normal  strength  and  then  washed  until  all  their  free 
soluble  salts  were  eliminated  and  the  washed  soils  had  a  freezing  point 
depression  almost  the  same  as  that  of  the  untreated  soDs,  and  very  close 
to  that  of  the  distilled  water.  As  a  rule  the  depression  was  about  .010 °C 
or  250  parts  per  million  of  solution.  In  some  cases  this  depression  was  a 
little  higher.  As  previously  stated  the  treatment  consisted  of  mixing 
about  50  grams  of  soil  with  150  c.c.  of  solution  allowing  the  mixture  to 
stand  about  24  hours,  with  occasional  shaking  and  then  washing  the  soil 
by  the  process  of  leaching.  Some  of  the  washed  soil  was  then  placed  in 
the  freezing  point  tube,  water  being  added  to  it  to  bring  it  up  to  the 
water  content  of  about  1  of  soil  to  .7  of  water,  in  the  case  of  the  heavy 
types  of  soils,  and  to  about  1  to  .5  in  the  case  of  the  light  type  of  soils, 
and  the  freezing  point  depression  determined  immediately,  once  every 
day  during  the  first  four  or  five  days  and  quite  often  thereafter,  mean- 
while the  soil  being  kept  at  room  temperature  which  average  about  20  °C. 

There  were  seven  different  soils  employed  in  this  study,  one  clay,  two 
clay  loams,  two  silt  loams,  one  sandy  loam,  and  one  sand.  Each  one 
of  these  soils  was  treated  with  ten  different  salt  solutions,  namely, 
Ca(NO,).,  NaNO,,  KNO«,  KCl,  K^SO,,  (NH,),SO„  MgSO,,  KHoPd, 
CaH4(P04)2  and  NaCgHaOj.  For  each  treated  soil  there  was  always 
an  untreated  soil  run  for  a  check.  In  all  of  the  salt  solutions  the  strength 
was  tenth  normal. 

The  results  obtained  in  this  study  are  presented  in  tables  1  to  7  in- 
clusive. They  show  the  rate  and  extent  of  solubility  of  these  treated 
soils  as  measured  by  the  freezing  point  method.  For  clearness  and  as 
an  aid  to  better  understanding  typical  examples  of  these  results  are 
diagramatically  represented  in  figures  1  to  5  inclusive.  In  these  fig- 
ures some  irregularities  are  noted.  These  irregularities  are  due  to  slight 
errors  in  the  determination  and  to  the  different  changes  that  are  taking 
place  in  the  soil.  They  are,  however,  very  insignificant  in  magnitude 
and  of  no  consequent  importance. 
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TABLE  1.— RATE  AND  EXTENT  OF  SOLUBILITY  OP  WISCONSIN  SUPERIOR  CLAY 
TREATED  WITH  SALTS  AND  THEN  WASHED  UNTIL  ALL  FREE  SOLUBLE  SALTS 
WERE  ELIMINATED.  RATIO  OF  SOIL  TO  WATER  WAS  ABOUT  1  TO  .70  AND  MIX- 
TURE MAINTAINED  AT  ROOM  TEMPERATURE.  FIGURES  REPRESENT  FREEZING 
POINT  DEPRESSION. 


Treatment. 


Days. 


0 

1 

2 

5 

13 

29 

51 

cr* 

c« 

C« 

c**. 

C<» 

C° 

O" 

.010 

.016 

.018 

.020 

.024 

.025 

.027 

.017 

.020 

.025 

.042 

.052 

.071 

.072 

.014 

.018 

.020 

.030 

.035 

•045 

.049 

.017 

.025 

.032 

.035 

.040 

.044 

.050 

.012 

.027 

.030 

.032 

.040 

.045 

.045 

.016 

.040 

.048 

.053 

.060 

.085 

.083 

.010 

.017 

.010 

.021 

.025 

.030 

.031 

.010 

.018 

.020 

.024 

.028 

.030 

.030 

.011 

.019 

.020 

.025 

.030 

.D30 

.035 

.022 

.037 

.042 

.050 

.062 

.082 

.093 

.002 

.005 

.010 

.015 

.017 

.020 

.022 

82 


Ca(NO>)»... 
NaNOi. . . . 

KNO» 

KCl 

K^O* 

(NH4)«S0i.. 

MgSOi 

CaHiCPOt 
KHiPOi... 
NaCjHaC.. 
Check 


C» 

.030 

.072 

.052 

.050 

.045 

.074 

.035 

.036 

.037 

.090 

.623 


TABLE  2.— RATE  AND  EXTENT  OF  SOLUBILITY  OP  A  CLAY  LOAM  TREATED  WITH 
SALTS  AND  THEN  WASHED  UNTIL  ALL  THE  FREE  SOLUBLE  SALTS  WERE  ELIM- 
INATED. RATIO  OF  SOIL  TO  WATER  WAS  ABOUT  1  TO  .70  AND  MIXTURE  MAIN- 
TAINED AT  ROOM  TEMPERATURE.  FIGURES  REPRESENT  FREEZING  POINT 
DEPRESSION. 


Treatment. 


Days. 


Ca(NOi)j.. 

NaNOi 

KNOj 

KCl 

KiSOi 

(NHi)iSO<. 
MgSOi.... 
CaHiCPOi)i 
KHJ»04... 
NaCjHaOt.. 
Check 


1 

1 

2 
C° 

4 

7 

10 

14 

21 

29 

36 

49 

72 

C** 

0° 

(^ 

C** 

C° 

C? 

C° 

C° 

C° 

006 

.008 

.010 

.016 

.020 

.024 

.031 

.030 

.030 

.031 

.031 

.032 

010 

.022 

.030 

.039 

.050 

.063 

.063 

.075 

.088 

.088 

.090 

.090 

.006 

.010 

.014 

.019 

.030 

.034 

.035 

.042 

.052 

.052 

.053 

.063 

.006 

.010 

.014 

.019 

.030 

.038 

.040 

.052 

.055 

.058 

.062 

.073 

.010 

.012 

.015 

.020 

.030 

.034 

.042 

.052 

.062 

.062 

.061 

.063 

.016 

.042 

.049 

.050 

.054 

.060 

.065 

.075 

.089 

.081 

.086 

.086 

.006 

.012 

.013 

.014 

.020 

.023 

.031 

.042 

.058 

.058 

.062 

.068 

.010 

.015 

.015 

.016 

.024 

.025 

.027 

.028 

.026 

.027 

.028 

.027 

.009 

.017 

.016 

.018 

,025 

.026 

.028 

.035 

.045 

.043 

.050 

.050 

.009 

.014 

.018 

.026 

.030 

.047 

.052 

.067 

.073 

.084 

.092 

.103 

.010 

.016 

.018 

.020 

.025 

.029 

.032 

.038 

.037 

.041 

.040 

.038 

102 


C** 

.035 

.092 

.055 

.075 

.066 

.075 

.070 

.026 

.051 

.110 

.040 
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TABLE  3.— RATE  AND  EXTENT  OP  SOLUBILITY  OP  A  CLAY  LOAM  TREATED  WITH 
SALTS  AND  THEN  WASHED  UNTIL  ALL  THE  PRBB  SOLUBLE  SALTS  WERE  ELIM- 
INATED. RATIO  OP  SOIL  TO  WATER  WAS  ABOUT  1*  TO  .70  AND  MIXTURE  MAIN- 
TAINED AT  ROOM  TEMPERATURE.  PIQURES  REPRESENT  PRBEZING  POINT 
DEPRESSION. 


TreatmeDt.                                Days. 

0 

2 

4 

8 

12 

19 

26 

34 

47 

70 

100 

C»(NOi)» 

C? 
.006 
.011 
.005 
.008 
.010 
.021 
.006 
.007 
.012 
.012 
.003 

C«» 
.006 

.on 

.006 
.000 
.016 
.046 
.006 
.007 
.012 
.016 
.006 

on 

.017 

.018 
.019 
.021 
.045 
.010 
.015 
.015 
.080 
.010 

CO 
.010 
.022 
.021 
.021 
.022 
.046 
.011 
.015 
.015 
.081 
.011 

C* 
.018 
.027 
.020 
.022 
.024 
.046 
.010 
.015 
.015 
.032 
.011 

C* 

.018 
.043 
.033 
.031 
.031 
.051 
.016 
.015 
.015 
.045 
.013 

C« 
.020 
.043 
.033 
.034 
.035 
.053 
.023 
.016 
f014 
.053 
.018 

.020 
.058 
.038 
.039 
.039 
.058 
.028 
.015 
.015 
.058 
.028 

C» 
.022 
.059 
.038 
.088 
.039 
.053 
.028 
.016 
.016 
.063 
.028 

.022 
.067 
.047 
.040 
.050 
.051 
.029 
.015 
.015 
.070 
.028 

C** 
.022 

NaNOi..,.                    

.075 

KNOi 

.050 

KCl 

.041 

K«80« 

.052 

(NH«)d80« 

.040 

MgSOi 

.030 

OaHi(POi)« 

.015 

KHtP^M 

.015 

NaCiHiOs    

.080 

Check 

.032 

TABLE  4.— RATE  AND  EXTENT  OP  SOLUBILITY  OP  A  DARK  BROWN  SILT  LOAM 
TREATED  WITH  SALT  AND  THEN  WASHED  UNTIL  ALL  FREE  SOLUBLE  SALTS 
WERE  ELIMINATED.  RATIO  OP  SOIL  TO  WATER  WAS  ABOUT  1  TO  .70  AND  MIX- 
TURE MAINTAINED  AT  ROOM  TEMPERATURE.  FIGURES  REPRESENT  FREEZING 
POINT  DEPRESSION. 


Treatment. 


Days. 


0 

1 

3 

5 

9 

12 

17 

20 

26 

38 

51 

69 

C9 

C** 

C* 

C* 

C*» 

CO 

CO 

CO 

CO 

CO 

CO 

C* 

.006 

.007 

.013 

.017 

.027 

.030 

.037 

.036 

.044 

.060 

.062 

.060 

.010 

.015 

.026 

.036 

.047 

.052 

.055 

.056 

.074 

.080 

.087 

.088 

.010 

.012 

.023 

.031 

.047 

.047 

.050 

.051 

.056 

.070 

.074 

.085 

.010 

.013 

.022 

.031 

.042 

.045 

.043 

.053 

.056 

.070 

.074 

.080 

.010 

.012 

.023 

.031 

.044 

.047 

.050 

.055 

.066 

.080 

.084 

.005 

.020 

.030 

.043 

.042 

.049 

.051 

.050 

.056 

.066 

.080 

.089 

.088 

.008 

.010 

.013 

.022 

.030 

.040 

.038 

.046 

.051 

.060 

.064 

.066 

.010 

.010 

.016 

.022 

.027 

.035 

.037 

.038 

.046 

.050 

.052 

.052 

.010 

.018 

.020 

.027 

.030 

.038 

.041 

.045 

.048 

.053 

.055 

.057 

.010 

.018 

.030 

.034 

.052 

.060 

.067 

.072 

.076 

.000 

.094 

.110 

.005 

.008 

.073 

.015 

.027 

.032 

.037 

.036 

.044 

.046 

.048 

.050 

120 


Ca(NO»)j.. 
NaNOa.   . . 

KNOa 

KCl 

KiSOi 

(NH4W30I. 
MgSO*.... 
CaH«(P04H 
KHtPO«.. 
NaCaHiO*  . 
Check 


CO 

.060 

.089 

.087 

.082 

.095 

.080 

.068 

.055 

.059 

.110 

.061 
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TABLB  6.— RATE  AND  EXTENT  OP  SOLUBILITY  OP  A  DARK  BROWN  SILT  LOAM 
TREATED  WITH  SALTS  AND  THEN  WASHED  UNTIL  ALL  THE  FREE  SOLUBLE  SALTS 
WERE  ELIMINATED.  RATIO  OP  SOIL  TO  WATER  WAS  ABOUT  1  TO  .70  AND  MIX- 
TURE MAINTAINED  AT  ROOM  TEMPERATURE.  FIGURES  REPRESENT  FREEZING 
POINT  DEPRESSION. 


Treatment.                     Days 

0 

1 

4 

8 

11 

15 

19 

25 

36 

53 

68 

119 

Ca(NO»)« 

.006 
.005 
.005 
.005 
.005 
.010 
.005 
.005 
.005 
.005 
.005 

.006 
.016 
.016 
.011 
.014 
.024 
.006 
.006 
.006 
.014 
.006 

.012 
.032 
.031 
.029 
.032 
.044 
.015 
.016 
.018 
.032 
.5!^ 

.023 
.053 
.040 
.034 
.043 
.063 
.028 
.023 
.033 
.053 
.023 

.026 
.056 
.046 
.045 
.050 
.065 
.035 
.030 
.036 
.060 
.027 

.034 
.072. 
.069 
.059 
.064 
.056 
.038 
.032 
.042 
.082 
.031 

(?» 

.039 

.077 

.059 

.064 

.065 

.058 

.030 

.031 

.043 

.081 

.038 

0° 
.040 
.082 
.068 
.065 
.065 
.055 
.043 
.038 
.046 
.081 
.039 

.046 
.084 
.076 
.068 
.076 
.065 
.057 
.046 
.056 
.095 
.041 

.050 
.107 
.090 
.072 
.084 
.067 
.062 
.047 
.052 
.100 
.043 

.054 
.108 
.086 
.078 
.089 
.069 
.032 
.048 
.060 
.110 
.046 

0° 
.055 

KaNOi     

.110 

KNO» V 

.091 

KCL 

.080 

K^Oi 

.090 

(NH4hS04 

ff.060 

MgSO«  

.060 

CaHilPOi)! 

.044 

KH»PO«       

.067 

NaO»H»0» 

.110 

Check     

•s; 

■< 

TABLE  6.— RATE  AND  EXTENT  OP  SOLUBILITY  OF  A  PINE  SANDY  LOAM  TREATED 
WITH  SALTS  AND  THEN  WASHED  UNTIL  ALL  THE  FREE  SOLUBLE  SALTS  WERE 
ELIMINATED.  RATIO  OP  SOIL  TO  WATER  WAS  ABOUT  1  TO  .70  AND  MIXTURE 
MAINTAINED  AT  ROOM  TEMPERATURE.  FIGURES  REPRESENT  FREEZING  POINT 
DEPRESSION. 


Treatment. 


Days. 


0 

1 

3 

6 

9 

13 

21 

31 

45 

62 

c?» 

c 

C° 

C? 

CP 

(?» 

C° 

CO 

CO 

CO 

.005 

.007 

.010 

.016 

.020 

.024 

.037. 

.039 

.045 

.048 

.005 

.015 

.018 

.036 

.040 

.061 

.072 

.077 

.082 

.098 

.005 

.012 

.016 

.026 

.035 

.042 

.060 

.072 

.080 

.086 

.005 

.012 

.017 

.028 

.038 

.043 

.061 

.066. 

.070 

.073 

.006 

.014 

.017 

.027 

.040 

.044 

.063 

.068 

.072 

.083 

.009 

.026 

.030 

.040 

.040 

.060 

.062 

.066 

.062 

.062 

.004 

.006 

.010 

.014 

.020 

.025 

.042 

.048 

.051 

.062 

.004 

.006 

.008 

.010 

.017 

.022 

.030 

.034 

.038 

.042 

.004 

.007 

.017 

.017 

.026 

.033' 

.042 

.049 

.052 

.060 

.005 

.014 

.025 

.030 

.046 

.052 

.069 

.079 

.080 

.093 

.005 

.006 

.008 

.015 

.024 

.032 

0.34 

.035 

.037 

.040 

114 


Ca(NOi)»... 
NaNOa.... 

KNOj 

KCl 

KjSOi 

(NH«)iS04.. 

MgSOi 

CaH.(PO«)t. 
KHtfO*... 
NaCiHK)!.. 
Check 


CO 

.060 

.101 

.085 

.068 

.078 

.056 

.075 

.040 

.068 

.092 

.040 
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TABLE  7.— RATE  AND  EXTENT  OF  SOLUBILITY  OF  SAND  TREATED  WITH  SALTS 
AND  THEN  WASHED  UNTIL  ALL  FREE  SOLUBLE  SALTS  WERE  ELIMINATED.  RATIO 
OP  SOIL  TO  WATER  WAS  ABOUT  1  TO  .7  AND  MIXTURE  MAINTAINED  AT  BOOM 
TEMPERATURE.     FIGURES  REPRESENT  FREEZING   POINT  DEPRESSION. 
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The  above  data  reveal  many  exceedingly  interesting  and  very  im- 
portant and  fundamental  facts  regarding  the  rate  and  extent  of  solu- 
bility of  soils  treated  with  various  single  salts  and  then  washed^  until 
all  their  free  soluble  salts  were  eliminated.  In  the  first  place  it  ijs  imme- 
diately seen  that  the  rate  of  solubility  of  all  the  soils  with  all  the  various 
single  salts  is  very  slow  or  that  equilibrium  is  not  attained  very  rapidly. 
The  amount  of  material  going  into  solution  each  day  is  slight  and  the 
process  continues  for  a  long  time,  even  120  days  in  some  cases,  but  as  a 
rule  it  tends  to  attain  an  apparent  constancy  at  the  end  of  about  (>0 
days.  The  rate  of  solubility  is  not  directly  proportional  to  the  time  ele- 
ment, but  tends  to  increase,  on  the  whole,  rather  slowly  and  gradually 
with  the  time  element,  up  to  about  40  or  60  days,  and  then  becomes  more 
or  less  stationary  or  progi-esses  very  slightly  thereafter.  During  the 
first  four  or  five  days  the  velocity  of  solubility  appears  to  be  slightly 
greater  than  at  the  succeeding  days  but  the  difference  is  very  small 
except  in  a  few  cases.  With  the  exception  of  the  (NHj)._,S04  treatments, 
the  amount  of  material  going  into  solution  at  the  very  beginning  of  the 
experiment  does  not  exceed  200  parts  per  million  of  solution  or  .008° C 
depression,  per  day.  The  soils  treated  with  (NH4)2S04  show  the  great- 
est velocity  of  solubility  followe<l  by  NaNO:,,  NaC.,H.,0.„  KNO.,  KCl, 
K^SOs  MgSO^,  Ca(NO,)p,  KH^PO^  and  CaH^CPO,),.  The  order  of  the 
last  nine  salts  is  not  always  exactly  the  same,  but  there  is  a  general 
tendency  towards  that  order.  The  interesting  fact  to  be  noted  is  that 
the  rate  of  solubility  of  nearly  all  the  soils  treated  with  Ca(N03)2, 
KH^P04,  and  CaH4(P04)2  is  about  the  same  as  that  of  the  untreated 
soils,  or  checks.  These  three  salts,  therefore,  and  especially  the  CaH^- 
(P04)2  did  not  increase  the  rate  of  solubility  of  soils  as  did  the  other 
salts.  The  greater  velocity  of  solubility  of  the  soils  treated  with  the 
(NH4).804  is  only  of  short  duration. 
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In  the  second  place  the  preceding  experimental  data  show  that  the 
extent  of  solubility  is  very  considerable  in  all  the  salt  treatments  and 
in  all  of  the  soils,  with  few  exceptions.  All  the  soils,  except  sand, 
treated  with  NaNO,  KNO«,  KCl,  K,SO„  (NHJ^SO,,  MgSO,,  and 
NaCgHgOg  yielded  quite  a  large  amount  of  material  to  solution  by  the 
end  of  the  experiment.  Thus,  the  depression  of  many  of  these  salts  rose 
from  about  .005°  to  about  .110  °C  or  from  125  to  2750  parts  per  million. 
The  only  salt  treatments  which  did  not  cause  a  large  solubility  product 
were  the  Ca(N0a)2,  KH2PO4,  and  CaH^CPO*)^.  The  depression  in  some 
of  these  salt  treatments  rose  only  from  about  .007°  to  015C  or  from  175 
to  375  parts  per  million  of  solution.  Considering  the  solubility  products 
of  each  salt  treatment  and  taking  the  check  for  basis  of  comparison  it  is 
evident  that  the  amount  of  material  that  goes  into  solution  varies  con- 
siderably between  the  various  salt  treatments  within  any  one  soil,  except 
sand.  As  a  rule  NaNOg,  and  NaCaH^Oa  treatments  yielded  the  greatest 
solubility  product,  the  CaCNO.,)^,  KIIoPO^  and  CaH.CPOJj  the  smallest 
and  the  KNO3,  KCL,  RgSO^,  (NH4)2S04  and  MgSO^  an  intermediate. 
In  many  soils  the  CaH4(P04)2  and  in  a  few  soils  the  Ca(N03)2  arid 
KH2PO4  treatments  did  not  only  give  the  smallest  concentrations  but 
even  a  smaller  concentration  than  the  check.  Evidently  these  salt  treat- 
ments tended  to  have  an  indifferent  or  depressing  effect  upon  the  solu- 
bility of  soils.  Besides  there  being  a  difference  in  the  extent  of  solu- 
bility between  the  various  salt  treatments  within  the  same  soil  there 
is  also  a  difference  in  the  extent  of  solubility  between  the  various  soils 
treated  with  the  same  salt.  Between  the  clays,  clay  loams,  silt  loams  and 
sandy  loams,  this  difference  is  not  very  marked,  but  between  these 
classes  of  soil  and  sand  the  difference  is  very  great.  Indeed,  the  extent 
of  solubility  of  sand  treated  with  the  various  salts  is  practically  negligi- 
ble. Thus,  the  depression  rises  only  from  008°  to  .010°C  as  compared 
to  the  depression  of  from  .005°  to  .110°  in  some  of  the  other  soils.  The 
salt  treatments  of  sand  therefore,  had  practically  no  effect  upon  its 
solubility. 

The  study  on  the  rate  and  extent  of  solubilitv  of  soils  treiited  with 
salts  and  then  washed  until  all  their  free  soluble  salts  were  eliminated 
seems  to  prove  quite  conclusively  the  two  general  facts,  (1)  the  rate  of 
solubility  of  the  treated  soils  is  comparatively  very  slow  and  gradual 
and  the  process  continues  for  a  long  time,  but  usually  about  60  days, 
and  (2)  the  extent  of  solubility  of  these  same  soils  is  very  considerable, 
with  few  exceptions. 

Now  it  would  be  highly  interesting  and  very  important  to  know  what 
the  chemical  composition  is  of  the  material  that  goes  into  solution  in 
the  different  soils  treated  with  the  various  salt  solution.  Unfortunately 
the  freezing  point  method  does  not  itself  yield  any  information  upon 
this  point 'and  consequently  no  definite  statements  can  be  made  on  it. 
It  may  be  stated,  however,  that  this  problem  is  now  being  investigated 
by  Spurway  in  this  laboratory  and  he  finds  that  the  substances  which 
go  into  solution  consist  principally  of  the  base  iradical  of  the  salt  added, 
of  aluminum,  iron,  calcium,  magnesium,  potassium,  phosphorus,  and 
organic  matter.  The  amount  of  the  base  radical  of  the  salt  added 
always  predominates,  but  the  amount  and  presence  of  other  constitu- 
ents varies  with  the  soil  and  salt  added. 
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In  treating  the  soils  with  salts  there  were  many  objects  in  view. 
Besides  measuring  the  rate  and  extent  of  solubility  of  the  treated  soils 
it  was  desired  to  study  at  least  three  other  subjects,  namely,  (1)  residual 
effect  of  salt  or  fertilizer  treatment  upon  the  rate  and  extent  of  solu- 
bility of  soils;  (2)  the  possibility  of  employing  the  solubility  factor  as  a 
criterion  for  the  state  of  fertility  of  soils,  and  thereby  distinguishing 
between  good  and  poor  soils,  and  (3)  the  character  of  the  reaction  be- 
tween soils  and  salts,  i.  e.,  whether  it  is  chemical  or  physical. 

As  to  the  first  subject  the  experimental  results  presented  show  that 
with  the  exception  of  Ca(N08)2,  KHgPO^,  and  CaH4(P04)2  all  the  other 
salts,  which  include  NaNOg  KNO^,,  KCl,  KoSO^,  (NHJ^SO,,  MgSO,, 
and  NaCjHgOg,  leave  a*  residual  effect  upon  the  soils  which  is  mani- 
fested by  the  long  and  rather  large  amount  of  material  going  into  solu- 
tion in  all  the  soils,  except  in  sand.  This  residual  effect  goes  to  prove 
that  when  a  soil  is  treated  with  a  soluble  salt  a  certain  combination 
takes  place  between  the  soil  and  the  salt  or  its  ions,*  that  upon  wash- 
ing, this  salt  or  its  ion  is  not  carried  away  and  that  in  this  combina- 
tion the  solubility  of  the  soil  is  changed.  These  experimental  facts 
confirm  the  validity  of  the  various  practical  Observations  that  when  a 
soil  is  treated  with  soluble  fertilizers  the  fertilizer  is  not  all  washed 
away  but  leaves  a  residual  effect  which  persists  for  a  long  time,  as  mani- 
fested by  the  continued  increased  growth  of  crops.  .  Witness,  for  in- 
stance, the  residual  effects  of  the  various  fertilizers  at  the  Rothamsted 
Experiment  Station. 

Because  the  salt  treatments  of  Ca(NO,).,  KH2PO4  and  CaH,(PO,), 
did  not  cause  an  increase  in  solubility  of  soils,  it  cannot  be  concluded 
that  these  salts  did  not  leave  a  residual  effect  upon  the  soils.  These 
salts  did  also  leave  a  residual  effect  upon  the  soils,  but  their  residual 
effect  apparently  is  not  shown  in  the  solubility  of  the  soils,  but  it  is 
in  the  crop  production. 

As  to  the  second  subject,  the  experimental  data  also  show  that  the 
solubility  factor  may  be  taken  as  a  criterion  for  the  state  of  fertility 
of  a  soil,  and  consequently  for  distinguishing  between  a  rich  and  a  poor 
soil.  As  will  be  seen,  the  results  show  that  with  the  exception  of  the 
salt  treatments  of  Ca(NO,),,  KH.PO,,  and  (^alTJPO,),  all  the  other 
salt  treatments  caused  a  considerable  increase  in  the  solubility  product 
over  the  check.  In  many  cases  the  increase  is  over  .070 °C  freezing  point 
depression  or  1750  parts  per  million  of  solution.  From  these  marked 
increases  in  the  solubility  product  over  the  check  it  would  be  logically 
inferred  that  a  heavily  fertilized  or  very  rich  soil  gives  more  material 
to  solution  than  an  unfertilized  or  poor  soil. 

The  last  inference  or  conclusion,  however,  cannot  be  rigidly  adhered 
to.  On  account  of  the  exceptions  already  mentioned  and  a  few  others 
to  be  mentioned  later  on,  it  cannot  be  claimed  that  the  solubility  factor 
is  an  absolute  and  reliable  criterion  of  the  fertility  of  a  soil.  As  a 
matter  of  fact  it  is  not  only  the  amount  of  material  that  goes  readily 
into  solution  which  makes  a  soil  fertile,  but  also  the  kind  of  material 
that  goes  into  solution.  As  it  is  now  understood  the  soil  solution  must 
be  properly  balanced  in  the  various  food  elements  used  by  the  plant,  in 
order  that  a  soil  may  be  really  called  a  fertile  soil.  If  the  material  that 
goes  into  solution  does  not  form  a  properly  balanced  plant  food  medium, 
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even  though  the  total  quantity  is  very  large,  the  soil  cannot  be  rightly 
designated  a  fertile  soil.  According  to  the  law  of  minimum,  if  one 
plant  food  elements  is  lackfng  either  totally  or  partially  and  all  the 
other  plant  food  elements  are  present  in  abundance,  the  lacking  element 
becomes  the  limiting  factor,  the  plant  growth  is  affected  and  consequently 
the  soil  is  rightly  designated  an  infertile  soil.  Again,  the  phosphates  not 
only  do  not  go  into  solution  in  any  large  amounts  or  increase  the  solu- 
bility of  soils  as  the  other  single  salts,  but  they  appear  to  have  a  depress- 
ing effect  upon  the  solubility  of  soils.  As  has  already  been  seen,  in 
none  of  the  soils  treated  with  CaH4(P04)2  was  the  solubility  product 
greater  than  that  of  the  check  and  in  some  cases,  it  was  actually  much 
smaller.  Now  it  can  hardly  be  asserted  that  these  soils  which  show 
small  solubility  are  made  infertile  by  the  addition  of  phosphorus.  On 
the  contrary  they  are  as  fertile  as  the  corresponding  soils  which  received 
the  other  salt  treatments  and  which  gave  a  large  solubility  product. 
These  soils,  therefore,  are  fertile  but  this  fertility  power  is  not  in- 
dicated by  the  solubility  factor  because  of  the  depressing  effect  of  the 
phosphorus.  This  depressing  effect  is  doubtless  due  to  the  combination 
of  phosphorus  with  the  bases  of  the  soil  and  the  decreased  solubility  of 
the  latter.  It  is  now  generally  believed  that  the  fixation  of  phosphorus 
in  the  soil  depends  upon  the  presence  and  abundance  of  bases.  When 
phosphorus  combines  with  these  bases  not  only  the  phosphorus  is 
fixed,  but  evidently  the  bases  also  become  less  soluble.  If  this  is  true 
then  phosphorus  acts  as  a  conserver  of  bases,  and  thereby  prevents 
the  rapid  loss  of  bases  through  leaching  which  ultimately  and  in- 
evitably results  in  the  creation  of  an  acid  condition  of  soils.  On  the 
other  hand,  it  must  be*  stated  that  when  a  soil  was  treated  with  a  com- 
bination of  several  salts  such  as  (\n(NO,)«,  NaNO;,,  KNO«  KCl,  K.SO^, 
(NHJ2SO,,  MgSO,,  OaHjro,).,  KH.PO^  and  NaC,H302,  the  phos- 
phates did  not  have  a  very  marked  depressing  effect  upon  the  solubility, 
but  when  (NH4),,SO„  NaC.HiO.^  were  eliminated  from  the  combination 
then  the  depressing  effect  became  very  marked.  Evidently  the  ammonia 
radical  of  the  (NH4)^SO^  nnd  the  acetate  radical  of  the  NaC.^H.O.,  were 
not  influenced  by  the  phosphorus.  Finally,  that  the  solubility  factor  may 
not  be  an  absolute  and  reliable  criterion  of  the  fertility'  of  the  soil  is 
further  found  in  the  possibility  that  the  plants  may  not  obtain  all  their 
plant  food  entirely  from  the  soil  solution  but  also  from  the  solid  matter 
itself — the  soil  particles.  Although  at  present  the  general  belief  appears 
to  be  that  the  plants  do  not  themselves  obtain  any  plant  food  directly 
from  the  solid  soil  except  that  which  is  made  soluble  by  the  excreted  car- 
bon dioxide,  yet  the  writer  believes  that  the  plants  must  in  some  way 
derive  part  of  the  plant  food  directly  from  the  soil  particles  and  especially 
in  the  case  of  some  of  the  soils  such  as  clay. 

In  spite  of  these  limitations,  however,  it  must  be  admitted  that  in 
general  a  high  soluble  salt  content  which  is  due  partly  if  not  largely  to 
a  high  solubility,  is  associated  with  a  high  state  of  fertility.  This  funda- 
mental principle  is  abundantly  supported  by  a  large  amount  of  experi- 
mental data.     The  work  of  King^,  Hall,  Brenchley,  and  Underwood^ 

(2)    InvoKtlKJitlnn  in  soil  ManiiK^^nionf,  1004.     Mn<liHon.  Wis. 

(:0    Phil.  Trans,  Koy.  Sor.  I.omlon,     Sor.  B.  V.  No.  ;{07,  p.  179  (1013). 
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seems  to  afford  a  conclusive  proof  of  this  principle.    The  recent  inves- 
tigation of  Jordan*,  Burd,  Stewart  and  Hoagland^  also  lead  to  the  same 

conclusions.  ,  .,    xu        i  km-* 

It  may  be  stated  then  as  a  general  principle  that  while  the  solubility 
factor  is  not  an  absolute  and  reliable  criterion  for  the  state  of  fertility 
of  a  soil,  a  very  rich  or  heavily  fertilized  soil  tends  to  give  a  high 
solubility  product  or  a  high  soluble  salt  content. 

Mention  has  been  made  that  in  employing  salt  treatments  m  the  study 
of  the  rate  and  extent  of  solubility  it  was  hoped  to  be  able  to  throw  some 
light  on  the  character  of  the  reaction  between  soils  and  salts— i.  e.— 
whether  it  is  chemical  or  physical.    As  is  well  known,  this  question  still 
remains  unsolved  and  the  scientific  opinion  on  it  is  very  mudi  divided. 
Some  believe  that  the  action  is  chemical,  others  that  it  is  physical. 
It   was   thought,   therefore,   that   the   study   of   the   rate   and   extent 
of  solubiliy  of  treated  soils  might  help  to  solve  this  problem.    It  was 
reasoned  that  if  the  reaction  was  chemical  so  that  the  salt  or  its  ion 
combined  with  the  soil  to  form  new  chemical  compounds,  the  rate  of 
solubility  of  this  treated  soil  should  be  slow  and  gradual  since  the  rate    , 
of  solubility  of  many  definite  soluble  compounds  such  as  CaH4(P04)2, 
K2SO4,  .etc.,  is  slow  and  gradual.    If  on  the  other  hand,  the  reaction 
is  physical  so  that  the  salt  or  its  ion  was  merely  absorbed  or  condensed 
on  the  surface  of  the  soils,  probably  in  a  film  form,  then  the  rate  <;f 
solubility  of  the  soil  should  be  very  fast  and  the  eciuilibrium  should  be 
attained  in  a  very  short  time  probably  in  a  few  minutes.    The  latter 
reasoning  was  supported  by  the  fact  that  an  adsorbed  film  should  go 
into  solution  faster  than  a  difficult  soluble  chemical  compound  and  espe- 
cially since  an  adsorbed  material  generally  follows  the  law  of  equal 
distribution,  i.  e.,  between  the  solid  and  liquid  phase. 

If  the  difference  in  the  rate  of  solubility  of  salt  treated  soils  is  a  true 
criterion  for  distinguishing  between  chemical  and  physical  reaction  then 
the  evidences  are  overwhelmingly  in  favor  of  the  theoi^  that  the  reaction 
between  soils  and  salts  or  their  ions  is  chemical  and  not  physical.  For 
it  is  readily  seen  that  in  all  the  soils  with  all  the  salts  the  rate  of  solu- 
bility is  very  slow  and  gradual,  extending  usually  to  60  days  and  in 
some  cases  even  to  120  days.  This  chemical  theory  is  further  supported 
by  the  chemical  composition  of  the  material  going  in  solution.  As  al- 
ready stated  this  materiflil  consists  of  the  base  radical  of  the  salt  added, 
of  aluminum,  iron,  csdNHieun,  magnesium,  phosphorus  and  organic  matter. 
Now  if  the  reaction  wee*  physical,  the  resulting  solubility  product  ought 
to  be  composed  largely  of  the  material  adsorbed. 

Referring  once  more  to  the  experimental  data,  the  questions  may  be 
asked,  has  the  solubility  attained  equilibrium  and  has  the  solution  be- 
come saturated  ?  ■  ' 

Before  an  attempt  is  made  to  answer  these  questions  it  is  necessary 
to  ree&H  that  the  soils  were  kept  in  stoppered  glass  tubes  at  a  moisture 
content  of  about  1  -of  *oil  to  about  .TO  water.  These  conditions  of  the 
experiment,  therefore,  were  very  favorable  for  maximum  true  solubility 
but  very  unfavorable  to  nitrification  actions,  although  perhaps  some- 
what favorable  to  denitrification  and  to  other  types  of  biological  action. 
It  is  believed,  however,  tbfit  under  the  condition  of  the  experiment  bio- 

(4)  N.  Y.  SUte  Agr.  Bxpt.  Sta.  Bui.  424.     (1910) 

(5)  Journ.  Agr.  Res.  V.  12,  No.  6  (1918). 
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loKical  activities  of  any  kind  were  at  minimum,  especially  the  first  ten 
days. 

With  the  above  explanation  in  mind  the  questions  now  may  be 
answered.  From  the  data  it  would  appear  that  equilibrium  is  attained 
at  the  end  of  about  60  days,  as  at  this  period  solubility  becomes  station- 
ary or  negligible.  And  if  equilibrium  is  attained  then  the  solution  must 
also  be  saturated,  at  least  with  some  of  the  soil  constituents. 

While  the  results  show  an  apparent  equilibrium  there  are  many  evi- 
dences which  seem  to  make  doubtful  if  it  is  the  real  equilibrium.  In 
the  first  place,  if  the  soil  which  shows  a  constancy  in  solubility  at  the 
high  water  content  is  allowed  to  lose  moisture  so  that  its  water  content 
is  reduced  to  about  the  optimum  point,  the  freezing  point  depression  or 
the  amount  of  material  in  solution  is  far  greater  than  at  the  high 
moisture  content  where  equilibrium  is  shown  to  have  been  reached. 
Now  according  to  the  laws  of  solubility,  if  the  solution  were  at  equili- 
brium and  saturated  at  the  high  moisture  content  the  solution  should 
become  super-saturated  at  the  lower  moisture  content  and  the  solutes 
should  separate  out  so  that  the  solution  would  again  be  at  equilibrium 
and  saturated  as  required  by  the  new  conditions.  In  that  event  then 
the  freezing  point  depression  at  the  low  moisture  content  should  be  the 
same  as  that  at  the  high.  Instead  of  that,  the  depression,  as  has  already 
b§en  stated  is  much  greater  at  the  low  moisture  content. 

In  the  second  place,  since  the  soil  is  a  complex  and  heterogeneous  mass, 
composed  of  minerals,  colloids,  organic  matter,  etc.,  it  does  not  seem 
possible  that  it  forms  definite  chemical  compounds  with  the  salts.  And 
if  it  does  not  form  definite  chemical  compounds  it  probably  does  not 
have  a  definite  solubility,  in  the  physical-chemical  sense. 

In  the  third  place,  since  the  soil  contains  organic  matter  it  does  not 
seem  reasonable  to  believe  that  definite  equilibrium,  in  the  physical- 
chemical  sense,  is  attained. 

The  conclusion  appears  inevitable,  therefore,  that  the  equilibrium  in- 
dicated by  the  experimental  data  is  not  a  true  and  definite  equilibrium 
in  the  physical-chemical  sense,  but  only  an  apparent  equilibrium.  The 
true  equilibrium  is  probably  never  attained  because  many  salts  formed 
in  the  soil,  such  as  NaNOg,  KCl,  NagCOg,  CaSO^,  etc.,  have  a  very  high 
solubility  constant  and  a  tremendous  amount  of  them  is  required  to 
form  a  saturated  solution.  Furthermore,  if  the  soil  is  considered  as  it 
actually  is  and  not  speaking  from  theoretical  principles,  it  is  probably 
not  proper  to  speak  of  true  equilibrium,  in  a  chemical-physical  sense. 
This  logically  follows  from  the  fact  that  the  soil  is  a  heterogeneous  mix- 
ture composed  of  mineral  solids,  organic  matter,  gas,  and  a  liquid,  and 
contains  organisms,  and  in  the  process  of  solution,  hydrolysis,  biolog- 
ical decomposition,  etc.,  many  substances  are  formed,  which  once  formed 
do  not  depend  in  their  solubility  upon  the  substance  from  which  they 
were  formed,  and  consequently  there  cannot  be  a  true  solubility  as  is 
chemically  understood. 

The  solubility  of  the  soils  under  consideration  would  probably  con- 
tinue for  many  months,  if  not  almost  indefinitely,  if  it  were  not  for  some 
factors  which  create  a  limitation  in  the  amount  of  material  going  into 
solution,  and  after  a  certain  time  cause  even  a  reverse  action.  Just 
what  these  factors  are  is  not  known,  but  some  may  be  suggested.    It  has 
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been  observed  in  the  first  place,  that  after  the  soils  have  stood  in  the 
tubes  for  50  or  60  days  algae  begin  to  appear  on  the  sides  of  the  tubes 
above  the  soil.  The  column  of  water  standing  on  the  top  of  the  soil, 
after  the  latter  settles,  becomes  sometimes  turbid  and  occasionally  a 
red  precipitate  appears  in  this  column  of  water  of  some  of  the  soil 
or  salt  treatments.  At  about  this  stage,  the  solubility  becomes  more  or 
less  constant  and  in  some  cases  a  reverse  action  takes  place,  i.  e.,  there 
is  a  sudden  or  gradual  reduction  in  the  freezing  point  depression,  indi- 
cating that  some  material  in  solution  is  going  out  of  solution.  The  red 
precipitate  occurs  very  generally  in  the  untreated  «oil  and  only  occa- 
sionally in  the  treated  soils,  and  when  it  occurs  it  stains  the  glass  of  the 
tube  and  this  stain  becomes  fixed  as  it  cannot  be  washed  with  water. 
While  it  is  not  definitely  known  what  the  cause  of  this  red  precipitate 
is,  it  seems  to  be  brought  about  by  living  organisms.  The  reverse  action 
takes  place  sometimes  even  when  there  is  no  precipitate  of  any  kind. 
This  happens  invariably  in  the  case  of  the  soil  treated  with  (NH4)2S04. 
The  concentration  of  the  solution  continues  to  increase  in  this  case  for 
about  40  or  50  days  and  then  quite  suddenly  it  decreases.  The  reverse 
action  took  place  only  in  those  soils  treated  with  (NH4)2S04  and  not  in 
the  other  salt  treatments. 

Another  factor  which  seems  to  limit  or  prevent  further  solubility  as 
indicated  by  the  progressive  increase  of  concentration  is  the  concen- 
tration of  the  solution  itself.  It  was  found,  for  instance,  that  when  a 
soil  was  treated  with  a  salt  and  the  salt  was  only  partially  washed  with 
water  the  original  depression  remained  quite  stationary  or  constant, 
while  if  all  the  salts  were  washed  away,  the  original  depression  was 
greatly  increased.  Evidently  the  presence  of  a  high  concentration  pre- 
vents the  soil  from  yielding  to  the  solution  even  the  amount  of  the 
material  that  it  would  in  an  untreated  condition.  This  conclusion  is 
further  supported  by  the  results  of  a  former  investigation  on  the  meas- 
urement of  the  velocity  of  the  reaction  between  soils  and  chemical  agents 
and  the  behavior  of  equilibrium.  It  was  shown  in  this  research  that  the 
velocity  of  the  reaction  between  soils  and  salts  was  extremely  rapid  if 
not  almost  instantaneous,  and  the  equilibrium  attained  remained  con- 
stant for  long  times,  even  one  hundred  days.  Now  if  the  soils  were  yield- 
ing material  to  the  solution  this  equilibrium  certainly  could  not  be  main- 
tained constant  for  such  long  periods  of  time. 

If  concentration,  therefore,  tends  to  inhibit  solubility  then  the  further 
solubility  of  the  salt-treated  soil  was  retarded  or  completely  stopped  by 
th0  concentration  of  its  own  solution.  The  solubility  went  on  until  a 
certain  concentration  was  reached  and  then  this  degree  of  concentration 
had  an  opposite  effect  upon  the  solubility  and  it  either  completely  stopped 
it  or  greatly  retarded  it. 

In  what  manner  the  concentration  affects  unfavorably  the  solubility 
of  the  soil  cannot  be  stated  at  present.  It  may  be  argued  that  the 
solubility  still  goes  on  but  that  the  soil  readsorbs  some  of  the  material 
in  the  solution,  or  that  the  soluble  materials  react  between  themselves 
and  form  new  compounds,  or  precipitate  one  another,  and  these  pro- 
cesses are  so  balanced  that  the  total  concentration  remains  the  same  for 
a  long  time.    In  view  of  the  effect  of  total  solids  upon  the  depression, 

(6)   Mich.  Agr.  Bxpt.  Sta.  Tech.  Bui.  37  (1917)^. 
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the  diflferenee  in  ionization  of  the  different  compounds  and  the  con- 
sequent difference  in  the  freezing  point  depression,  it  does  not  seem 
possible  that  these  processes  could  be  going  on  without  causing  a  change 
or  fluctuation  in  the  lowering  of  the  freezing  point.  Wherever  a  change 
occurs  the  method  detects  it,  as  in  the  case  where  a  reverse  action  takes 
place. 

To  conclude  then,  it  seems  probable  that  the  solubility  of  the  soils 
under  consideration  would  continue  much  further  than  it  did,  but  on 
account  of  some  opposing  factors  it  comes  to  a  standstill  after  a  certain 
length  of  time.  Some  of  the  opposing  factors  are  the  Jiving  jorgjinisms 
in  the  soil,  the  concentration  of  the  solution  itself  and  the  adsorptive 
power  of  the  soil. 

Finally,  it  must  be  emphasized  that  the  above  and  other  factors  do 
not  diminish  the  fundamental  importance  of  the  experimental  results 
of  this  investigation  from  both  the  practical  and  scientific  standpoints. 
In  the  first  place,  the  most  important  fundamental  principle  on  the  rate 
and  solubility  from  both  the  practical  and  scientific  standpoint  are  estab- 
lished at  the  beginning  and  especially  at  the  first  or  second  day  of  the 
exi)eriuuMit,  and  the  factors  mentioned  above  do  not  come  into  play  for 
a  long  time;  and  in  the  second  place  the  method  employed  in  obtaining 
these  experimental  results  is  essential  and  desirable  for  a  complete  and 
comprehensive  study  of  the  rate  and  extent  of  solubility  of  soils  both 
treated  and  untreated.  As  will  be  seen  subsequently  this  method  is 
checked  by  a  method  which  aims  to  simulate  field  conditions,  and  thus 
affords  a  comparison  in  the  results  between  the  two  methods. 

From  the  practical  standpoint  the  rate  and  extent  of  solubility  in  the 
first  and  second  day  are  the  most  important  because  they  show  the 
posi^ible  rate  and  amount  of  material  which  goes  in  solution  for  the  use 
of  the  plant.  During  this  time  there  was  no  biological  action  in  these 
soils  which  affected  the  results. 

Rate  and  Extent  of  Solubility  of  Soils  Treated  with  a  Combination  of 
Salts  and  then  Washed  Until  the  Free  Soluble  Salts  Were  Eliminated. 
Ratio  of  Soil  to  Water  was  about  1  to  .7  and  Mixture  Maintained  at 
Room  Temperature. 

In  the  preceding  study  only  single  salts  were  employed.  In  the  present 
study  a  combination  of  salts  was  employed.  This  combination  of  salts 
comprised  all  the  single  salts  used  previously,  namely,  Ca(N03)2,  NaNOj, 
KNO„  KCl,  K,SO„  (NHJ.SO^,  MgSO,,  CaH,(POJ,,  KH^PO,,  and 
NaCjHaOa.  The  strength  of  this  solution  was  tenth  normal,  the  same 
as  of  the  single  salt  solutions.  The  soils  were  exactly  the  same  as  before. 
The  procedui»e  of  treating  the  soils  and  measuring  the  rate  and  extent 
of  solubility  was  also  the  same  as  in  the  preceding  study.  The  results 
obtained  are  presented  in  table  8.  This  table  contains  the  rate  and  extent 
of  solubility  as  indicated  by  the  freezing  point  depressions  of  the  treated 
and  untreated  soils. 
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l?ABLfi  8.— RATE  AND  EXTENT  OP  SOLUBILITY  OP  SOILS  TREATED  WlTfl  A  COM- 
BINATION OP  ALL  TEN  SALTS  AND  THEN  WASHED.  FIGURES  REPRESENT  PREBZ- 
INQ  POINT  DEPRESSION. 


Treatment. 


Days 


Superior  clay,  treated 

Superior  clay,  untreated 

Clay  loam,  treated 

Clay  loam,  untreated 

Daric  brown  aliloam,  treated 

Daric  brown  ailt  loam«  untreated! 

Daric  brown  silt  loam,  treated 

Dark  brown  silt  loam,  untreated. 

Sandy  loam,  treated 

Sandy  loam,  untreated 

Sand,  treated 

Sand,  untreated 
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The  above  data  show  very  conclusively  and  strikingly  that  even  when 
the  soils  are  treated  with  a  combination  of  salts  the  rate  of  solubility  is 
slow  and  gradual  and  the  process  continues  for.  a  long  time,  and  that  the 
extent  is  considerable  and  much  greater  than  that  of  the  untreated  soils. 

The  above  results  also  show  that  when  the  soils  are  treated  with  a 
combination  of  all  the  salts  mentioned  the  phosphates  do  not  inhibit  the 
solubility  of  the  soils  as  they  do  when  they  are  added  themselves  singly. 

On  the  other  hand  it  must  be  stated  that  when  (NH4)2S04  and 
NaCjHjOg  are  omitted  from  the  combination  the  extent  of  solubility  is 
much  less  than  it  is  when  they  are  present — vindicating  that  it  is  probably 
the  ammonia  and  the  acetate  radicals  which  bring  about  the  difference. 
Evidently  the  phosphates  do  not  control  the  amount  of  material  going 
into  solution  when  (NHJ^SO^  and  NaC^HgO.,  are  present. 

Rate  and  Extent  of  Solubility  of  Experimental  Field  Soils  which  have 
Been  Receiving  Fertilizer  Treatments  in  the  Usual  Manner.  Ratio  of 
Soil  to  Water  was  about  1  to  .7  and  Mixture  Maintained  at  Room  Tem- 
perature. 

Having  established  certain  fundamental  principles  regarding  the  rate 
and  extent  of  solubility  of  soils  treated  with  salts  singly  and  in  combina- 
tion it  was  deemed  important  and  essential  to  try  to  verify  these  prin- 
ciples with  natural  field  soils  which  have  been  receiving  fertilizer  treat- 
ment in  the  usual  way  and  whose  culture  history  and  state  of  fertility  are 
known.  For  this  purpose  soil  samples  from  the  standard  experimental 
fields  of  the  University  of  Illinois,  Cornell  University,  Ohio  p]xperiment 
Station    and    Rhode    Island    Agricultural    College    were    obtained  . 

rnlSiii^?T^„i^''^T'"*"f.*^??®  ?i""  ^^^^^'^^Ji:  *«  ™08*  thankful  and  very  indebted  to  Dr.  Lyon  of 
nf  tK!  n^i^*  V J^**^'  .  S.^'P?*"*  ^^r^^'  ^"^tewart  of  the  University  of  Illinois,  Professor  Ames 
of  the  Ohio  Experiment  Station  and  Director  Hartwell  of  the  Rhode  Island  Experiment  Station! 
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These  soils  were  received  in  the  fresh  state  and  were  used  in  that  con- 
dition. Certain  quantities  of  them  were  placed  on  filter  papers  in  funnels 
and  washed  until  all  their  free  soluble  salts  were  eliminated  and  their 
freezing  point  depression  was  very  close  to  that  of  distilled  water.  A 
portion  of  each  washed  soil  was  then  placed  in  the  freezing  point  tube, 
water  being  added  to  it  to  bring  up  the  water  content  to  the  ratio  of 
about  1  or  soil  to  .7  of  water,  and  the  freezing  point  depression  was  deter- 
mined immediately  and  as  often  thereafter  as  was  deemed  necessary.  The 
data  secured  are  presented  in  tables  9  to  14,  inclusive.  Below  each  table 
is  a  description  of  the  fertilizer  treatment  of  the  respective  soils. 


TABLE  9— RATE  AND  EXTENT  OP  SOLUBILITY  OP  RHODE  ISLAND  SOILS.  RATIO  OP 
SOIL  TO  WATER  WAS  ABOUT  1  TO  .60  AND  MIXTURE  MAINTAINED  AT  ROOM  TEM- 
PERATURE.    FIGURES  REPRESENT  FREEZING  POINT  DEPRESSION. 


Days. 

0 

— 

.010 
.010 
.010 
.010 
.010 
.010 
.010 

1 

.010 
.010 
.010 

oil 

.010 
.010 
.012 

2 
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.010 
.010 
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.010 
.010 
.012 

4 

.012 
.012 
.012 
.014 
.012 
.012 
.011 

7 

10 

17 

24 

31 

45 

61 

Soil  No.  1 

.014 
.021 
.014 
.020 
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.017 
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.022 

.022 

.012 

.011 

.019 

.020 
.023 
.022 
.021 
.013 
Oil 
.020 

.020 
.023 
.022 
.022 
.012 
.011 
.020 

.023 
.025 
.023 
.026 
.012 
.011 
.022 

.025 
.028 
.025 
.029 
.013 
.011 
.024 

a* 

025 

SoilNo.2 

.029 

SoUNa3 

.028 

SonNo.4 

031 

8oilNo.6 

.015 

Soil  No.  6 

012 

8oilNo,7 

.025 

Soil  No.  1.     158  pounds  nitrate  of  soda,  96  pounds  sulfate  of  ammonia,  450  pounds  tankage, 

571  pounds  acid  phosphate,  97  pounds  sulfate  of  potash,  lime. 
Soil  No.  2.     127  pounds  nitrate  of  soda,  574   pounds  acid  phosphate,   200  pounds  salt,   856 
pounds  wood  ashes,  lime. 
127  pounds  nitrate  of  soda,  96  pounds  sulfate  of  ammonia,  753  pounds  tankage, 
-     659  pounds  acid  phosphate,  200  pounds  salt,  1484  pounds  wood  ashes,  lime. 
191  pounds  nitrate  of  soda,  144  pounds  sulfate  of  ammonia,  301  pounds  tankage, 
444   pounds   double   superphosphate,    1.31   pounds   magnesium   sulfate,    103 
pounds  sulfate  of  potash,  lime. 
Same  as  No.  4  without  lime. 
No  fertilizers,  almost  a  virgin  soil. 
Virgin  soil. 


Soil  No.  3. 
Sou  No.  4. 


Soil  No.  5. 
Sou  No.  6. 
Sou  No.  7. 
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TABLE  10.— RATE  AND  EXTENT  OP  SOLUBILITY  OP  OHIO  SOILS.  RATIO  OF  SOIL  TO 
WATER  WAS  ABOUT  1  TO  .70  AND  MIXTURE  MAINTAINED  AT  ROOM  TEMPER- 
ATURE. FIGURES  REPRESENT  FREEZING  POINT  DEPRESSION. 


Daya. 


Soil  No.  1. 
Soil  No.  2. 
Soil  No.  3. 
SoliINo.4 
Soil  No.  5. 
SoilNae. 
Soil  No.  7. 
Soil  No.  8. 


0 

2 

5 

9 

16 

23 

30 

44 

c° 

e* 

C° 

C 

C° 

C* 

C^ 

.010 

.014 

.020 

.022 

.028 

.032 

.040 

.040 

.010 

.016 

.020 

.022 

.022 

.028 

.039 

.030 

.010 

.016 

.020 

.021 

.023 

.022 

.030 

.030 

.010 

.012 

.013 

.014 

.015 

.016 

.018 

.018 

.010 

.012 

.013 

.014 

.015 

.015 

.018 

.018 

.010 

.016 

.020 

.021 
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61 

.040 
.032 
.031 
.020 
.020 


.030 


SoU  No.  1.     Five  year  rotation,  in  com,  unfertilized. 
SoU  No.  2.     Five  year  rotation,  in  com,  plot  2  ;  acid  phosphate  80  pounds. 
Soil  No.  3.     Five  year  rotation,  in  corn,  plot  12 ;  acid  phosphate  j.60  pounds ;  muriate  potash 
80  pounds;  nitrate  soda  80  pounds. 
Five  year  rotation,  in  oats,  plot  15 ;  acid  phosphate  160  pounds ;  muriate  potash 

100  pounds ;  dried  blood  50  pounds ;  nitrate  soda  120  pounds. 
Continuous  culture,  wheat  unfertUized. 
Continuous  culture,  wheat,  plot  8 ;  acid  phosphate  100  pounds,  muriate  potash  100 

pounds. 
Three  year  rotation  in  potatoes;  plot  15;  acid  phosphate  480  pounds,  muriate 

potash  300  pounds,  nitrate  soda  320  pounds. 
Three  year  rotation.  In  clover,  plot  No.  15,  acid  phosphate  480  pounds,  muriate 
potash  300  pounds,  nitrate  soda  820  pounds,  on  potatoes  only. 
The  5  year  rotation  consisted  of  com,  oats,  wheat,  clover  and  timothy.    The  fertilizers  have 
been  applied  only  on  the  com,  oats  and  wheat,  but  not  on  the  clover  and  timothy.     In  addi- 
tion to  the  fertUizers  stated  above  the  soils  have  received  also  applications  of  lime  at  different 
periods. 


Soil  No.  4. 

Sou  No.  5. 
Sou  No.  6. 

Sou  No.  7. 

Soil  No.  8. 


TABLE  11. — RATE  AND  EXTENT  OF  SOLUBILITY  OF  ILLINOIS  SOILS.  RATIO  OF  SOIL 
TO  WATER  WAS  ABOUT  I  TO  .70  AND  MIXTURE  MAINTAINED  AT  ROOM  TEMPER- 
ATURE.    FIGURES  REPRESENT  FREEZING  POINT  DEPRESSION. 


Days. 

0 

1 

3 

6 

10 

17 

24 

31 

45 

61 

Soil  No.  1 .' 

.010 
.010 
.010 
.010 
.010 
.010 
.010 
.010 

.013 
.012 
.011 
.011 
.011 
.011 
.010 
.011 

.019 
.016 
.016 
.016 
.012 
.012 
.012 
.016 

c- 

.023 
.019 
.019 
.023 
.013 
.012 
.016 
.021 

C» 
.030 
.020 
.020 
.020 
.012 
.012 
.019 
.021 

.038 
.020 
.020 
.030 
.013 
.012 
.020 
.022 

.035 
.021 
.020 
.033 
.013 
.015 
.019 
.032 

.042 
.022 
.021 
.035 
.013 
.017 
.021 
.040 

.050 
.032 
.020 
.038 
.015 
.020 
.020 
.040 

.050 

Soil  Na  2 

.032 

Soil  No.  3 

.025 

Soil  No.  4 

.040 

Soil  No.  6 

.017 

Soil  No.  6 

.020 

Soil  No.  7    

.030 

Soil  No.  8 

.040 

Soil  No. 
Sou  No. 
Soil  No. 
Sou  No. 

Sou  No. 
Sou  No. 
Sou  No. 
Sou  No. 

1. 
2. 
3. 
4. 

5. 
6. 

7. 
8. 

Plot  No.  166. 
Plot  No.  169. 
Plot  No.  170. 
Plot  No.  173. 

Plot  No.  202. 
Plot  No.  203. 
Plot  No.  206. 
Plot  No.  207. 

Residue, 
Residue. 
Manure,  ] 
Manure. 

Residue. 
Manure. 
Residue, 
Manure, 

8oi 
phosp 

phospl 
Dave 

phosp 

)h08p 

*th  F 
borus, 

tiorus, 
nport 

lorus, 
borus. 

arm 
lime. 

lime. 
Plots 

lime 
Ume. 
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TABLB  NO.  12.— EATB  AND  EXTENT  OF  SOLUBILITY  OP  CORNELL  SOILS.  RATIO  M 
SOILS  TO  WATBR  WAS  ABOUT  1  TO  .70  AND  MIXTURE  MAINTAINED  AT  ROOM  TEM- 
PBRATURB.    FIGURES  REPRESENT  FREEZING  POINT  DEPRESSION. 


Days. 

0 

C« 
010 
010 
.010 
.010 
.010 

1 

012 
.012 
.012 
.012 
.012 

8 

6 

d 

17 

24 

40 

48 

61 

8oil  No  1 

0° 
.013 
.013 
.013 
.012 
.012 

.019 
.019 
.019 
.018 
.019 

020 
.020 
.020 
.018 
.020 

020 
020 
.018 
.018 
.020 

.020 
.020 
.020 
.020 
.020 

021 
.020 
.020 
.019 
.022 

022 
.028 
.020 
.020 
.024 

.024 

Soil  No.  2 

.030 

SoilNo.S 

.022 

Soil  No.  4 

.022 

Soil  No.  5 

.036 

Soil  No.  1.     Plot  No.  720. 

Soil  No.  2.     Plot  No.  721. 
pounds  acid  ohosphate. 

.     Sou  No.  8.     Plot  No.  728. 
pounds  acid  phosphate. 

SoU  No.  4.     Plot  No.  730. 

Sou  No.  5.     Plot  No.  782. 


No    fertilizers. 

160  pounds  nitrate  of  soda,  SO  pounds  muriate  of  potash,  820 

640  pounds  nitrate  of  soda,  80  pounds  muriate  of  potSsh,  320 


No  fertiUiers. 

20  tons  farm  manure. 

These  soils  were  taken  from  plats  used  in  rotation  of  timothy  8  years;  corn,  oats,  and 
wheat.  Fertilizers  have  bee^  applied  each  to  the  three  years  of  timothy,  but  no  fertilizer  has 
l>een  giyen  to  the  grain  crops.  On  the  manured  plat,  the  manure  has  been  applied  twice  to 
the  three  crops  of  timothy  instead  of  three  times  as  in  the  case  of  the  common  fertilisers. 


Considering  first  the  rate  of  solubility  it  is  seen  that  the  velocity  is  very 
slow  and  gradual  in  all  the  various  soils,  but  in  some  it  is  considerably 
lower  than  in  others.  Thus^  soils  5  and  6  in  table  9^  soil  4  and  5  in  table 
10  and  soils  5  and  6  in  table  11  manifest  a  much  lower  rate  of  solubility 
than  the  other  soils.  In  fact,  some  of  these  soils,  such  as  soils  5  and  6 
in  table  9,  show  an  exceedingly  slow  rate  of  solubility. 

Considering  next  the  extent  of  solubility,  it  is  evident  that  the  amount 
of  material  that  went  into  solution  is  rather  small  in  practically  all  the 
soils  and  especially  in  those  that  show  the  least  rate  of  solubility.  The 
maximum  quantity  of  material  that  went  into  solution  increased  only 
from  a  freezing  point  depression  of  .010°  to  .040°  or  .050  °C  at  the  end  of 
60  days. 

Viewing  next  the  solubility  factor  of  these  various  salts  in  relation  to 
their  treatment  or  state  of  fertility,  it  becomes  at  once  evident  that  there 
is  no  close  and  consistent  relationship  between  these  factors,  just  as  there 
was  not  always  one  in  the  case  of  the  salt  treated  soils.  A  comparison 
between  the  fertilizer  treatment  of  the  various  soils  and  the  quantity 
of  the  material  that  went  into  solution  proves  this  fact  quite  con- 
clusively. Thus,  soils  4  and  5  in  table  9,  of  the  Rhode  Island  Experiment 
Station,  had  both  received  exactly  the  same  fertilization  except  that  soil 
4  also  received  lime  and  soil  5  did  not,  and  yet  the  amount  of  material 
that  dissolved  is  very  different  in  the  two  soils.  In  soil  4  the  final  depres- 
sion is  .030°  while  in  soil  5  it  is  .015 °C  or  only  half  as  great.  On  the  other 
hand,  soil  6,  which  did  not  receive  any  fertilizer  at  all,  did  not  yield  any 
more  material  than  the  fertilized  soils,  as  its  depression  is  only  .012° C, 
the  lowest  in  the  series. 

Soil  1  in  table  10,  of  the  Ohio  Experiment  Station,  received  no  fertilizer 
whatever,  and  yet  it  allowed  more  material  to  go  into  solution  than  the 
fertilized  soils,  its  depression  being  .040°  as  compared  to  .033  °C  in  soil  7. 
On  the  other  hand,  soil  5,  which  was  also  unfertilized  but  in  continuous 
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wheat  yielded  only  a  small  amount  of  material  to  solution,  its  depression 
being  only  .020 °C.  This  depression,  however,  is  the  same  as  that  in  soil 
4,  which  received  heavy  applications  of  fertilizers. 

In  the  Cornell  soils  in  table  12  the  same  inconsistency  and  irregularity 
are  shown  in  the  relationship.  Soil  1  was  unfertilized  and  yet  it  yielded 
as  much  material  to  solution  as  soils  3  and  i  which  received  fertilizers. 
Soils  5,  however,  which  received  manure  gave  the  largest  amount  of  solu- 
ble material,  with  soil  2  coming  second. 

Of  all  the  sets  of  soils  used  those  of  the  University  of  Illinois  show 
the  best  consistency  and  regularity  between  treatment  and  solubility 
product.  They  show  that  soil  1  which  received  residual  phosphorus  and 
lime  gave  more  soluble  material  than  soO  2  which  received  only  residue. 
Likewise,  soil  4  which  received  manure,  phosphorus  and  lime  yielded  a 
greater  concentration  than  soil  3  which  received  only  manure.  Again. 
soils  7  and  8  which  received  residue  phosphorus  and  lime,  and  manure, 
phosphorus  and  lime  respectively,  produced  more  soluble  material  in  the 
solution  than  soils  5  and  6  which  received  only  residue  and  manure  respec- 
tively. And  the  most  important  fact  is  that  the  order  of  the  magnitude 
of  the  solubility  product  corresponds  to  tlve  crop-producing  power  of  the 
soils.  On  the  other  hand  it  must  be  stated  that  when  an  optimum  mois- 
ture content  is  employed  in  these  soils  this  fundamental  principle  is  not 
confirmed,  as  data  subsequently  to  be  presented  show. 

In  brief  then,  it  can  be  said  that  there  is  no  universal  and  consistent 
relationship  between  the  factor  of  solubility  and  the  state  of  fertifity. 
Hence,  the  factor  of  solubility  is  not  always  an  absolute  and  reliable 
criterion  of  the  state  of  fertility  of  soils.  This  conclusion  agrees  with 
that  already  announced  in  connection  with  the  salt  treated  soils,  and  is 
not  at  all  surprising  in  view  of  the  various  disturbing  factors  pointed 
there.  This  conclusion  finds  further  confirmation  in  the  next  phase  of  the 
investigation. 

Rate  and  Extent  of  Solubility  of  Experimental  Field  Soils  Which  Have 
Been  Receiving  Fertilizer  Treatments  in  the  Usual  Manner.  Moisture 
Maintained  at  Optimum  Content  and  Soils  Kept  Mostly  Outdoors. 

In  the  preceding  series  of  experiments  the  rate'and  extent  of  solubility 
were  studied  at  a  very  high  moisture  content,  usually  at  the  supersatura- 
tion  point.  While  it  is  very  important  and  highly  desirable  to  so  investi- 
gate the  subject,  yet  this  condition  is  artificial  and  does  not  simulate 
practical  or  field  conditions.  In  the  field  the  moisture  content  is  greatly 
different  and  consequently  the  rate  and  extent  of  solubility  may  be  much 
different.  Before  the  principles  established  under  the  artificial  condition 
can  become  applicable  to  field  conditions,  they  must  be  tested  out  under 
field  conditions. 

Accordingly,  the  investigation  on  the  rate  and  extent  of  solubility  of 
experimental  field  soils  which  have  been  receiving  fertilizer  treatment  in 
the  usual  manner,  was  repeated  under  practical  conditions.  The  pro- 
cedure consisted  of  placing  a  certain  amount  of  the  fresh  soil  on  a  filter 
paper  in  the  funnel  and  washing  with  distilled  water  until  all  the  free 
soluble  salts  of  the  soil  were  eliminated.  A  small  sample  of  this  soil  was 
taken,  air-dried,  and  its  freezing  point  depression  determined  by  using 
15  grams  of  air  dry  soil  and  10  c.c.  of  distilled  water.  The  remainder 
of  the  soil  was  allowed  to  remain  in  the  funnel  undisturbed  and  to  lose 
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water  until  its  moisture  content  was  reduced  to  about  the  optimum  point. 
The  soil  then  was  placed  in  a  glass  tumbler,  thoroughly  stirred,  weighed 
and  water  was  added  to  it  as  often  as  it  was  deemed  necessary  in 
order  to  keep  it  at  the  optimum  moisture  content.  In  order  to  simulate 
further  field  conditions  the  soil  was  kept  outdoors  most  of  the  time.  At 
the  end  of  10,  30,  and  60  days  a  small  composite  sample  was  taken,  air- 
dried,  and  its  freezing  point  depression  determined  as  before.  By  deter- 
mining the  lowering  of  the  freezing  at  the  beginning  and  at  the  end  of 
10,  30,  and  60  days,  the  rate  and  extent  of  solubility  could  thereby  be 
ascertained.  Also  by  using  fresh  soils  and  not  disturbing  them  when 
wet  their  physical  condition  remained  excellent  and  very  much  as  under 
field  conditions. 

It  is  readily  realized  that  under  these  favorable  field  conditions  nitri- 
fication is  very  apt  to  take  place  in  the  soils  and  consequently  an  error 
may  be  introduced  in  the  method  of  measuring  the  rate  and  extent  of 
solubility  of  soils.  While  some  nitrification  undoubtedly  took  place  in 
the  soils  yet  the  error  introduced,  as  is  revealed  by  the  results,  is  prac- 
tically negligible. 

The  data  obtained  in  this  phase  of  the  investigation  are  presented  in 
tables  13  to  16  inclusive.  For  purpose  of  convenience  and  immediate 
reference  the  fertilizer  treatment  of  the  soils  is  again  given  and  is  placed 
at  the  bottom  of  each  respective  table. 


TABLE  IS.— RATE  AND  EXTENT  OF  SOLUBILITY  OP  RHODE  ISLAND  SOILS  AT 
OPTIMUM  MOISTURE  CONTENT,  KEPT  MOSTLY  OUTDOORS.  FIGURES  REPRE- 
SEN  FREEZING  POINT  DEPRESSION. 


Days 

0 

10 

30 

60 

SoilNo.! 

.008 
.008 
.008 
.008 
.008 
.008 
.008 

.011 
Oil 
Oil 
.011 
Oil 
.011 
.011 

.025 
.020 
.020 
.020 
.020 
.020 
.025 

.036 
032 

SoilNo.2 

80UN0.3 

032 

SoiINo.4 • 

032 

SoiINo.6 

032 

Soil  No.  6 ; 

029 

Soil  No.  7 

033 

Soil  No.  1. 

SoU  No.  2. 

Soil  No.  3. 

Soil  No.  4. 


Soil  No.  5. 
Soil  No.  6. 
Soil  No.  7. 


158  pounds  nitrate  of  soda,  90  pounds  sulfate  of  ammonia,  450  pounds  tankage, - 

571  pounds  acid  phosphate,  97  pounds  sulfate  of  potash,  lime. 
127  pounds  nitrate  of  soda,  574  pounds  acid  phosphate,  200  pounds  salt,  856 

pounds  wood   ashes,   lime. 
127  pounds  nitrate  of  soda,  96  pounds  sulfate  of  ammonia,  753  pounds  tankage, 

659  pounds  acid  phosphate,  200  pounds  salt,  1484  pounds  wood  ashes;  lime. 
191  pounds  nitrate  of  soda,  144  pounds  sulfate  of  ammonia,  301  pounds  tankage, 

444   pounds  double   superphosphate,    131    pounds   magnesium    sulfate,    103 

pounds  sulfate  of  potash,  lime. 
Same  as  No.  4  without  lime. 
No  fertilizers,  almost  a  virgin  soil. 
Virgin  soil. 
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TABLE  14.— RATE  AND  EXTENT  OP  SOLUBILITY  OP  OHIO  SOILS  AT  OPTIMUM 
MOISTURE  CONTENT.  KEPT  MOSTLY  OUTDOORS.  FIGURES  REPRESENT  FREEZ- 
ING POINT  DEPRESSION. 


Days. 

0 

10 

30 

60 

SoUNo.  1 

.009 
.009 
.009 
.009 
.009 
.009 
.009 
.009 

.012 
.012 
.012 
.012 
.012 
.012 
.012 
.012 

.020 
.017 
.020 
.020 
.016 
.020 
.020 
.020 

.027 

Soil  No  2 

.027 

Soil  No.  3 

.027 

SoilNa4 

.027 

Soil  No.  5 

.025 

SoilNaO 

.026 

Soil  No.  7 

.025 

Soil  No.  8 : .*.... 

.026 

Soil  No.  6.     Five  year  rotation.  In  corn,  unfertilized. 

Soil  No.  2.     Five  year  rotation,  in  corn,  plot  2 ;  acid  phosphate  80  pounds. 
Soil  No.  3.     Five  year  rotation,  in  corn,  plot  12 ;  acid  phosphate  160  pounds ;  muriate  potash 
80  pounds ;  nitrate  soda  80  pounds. 
Five  ye^r  rotation,  in  oats,  plot  15 ;  acid  phosphate  160  pounds ;  muriate  potash 

100  pounds ;  dried  blood  50  pounds ;  nitrate  soda  120  pounds. 
Continuous  culture,  wheat  unfertilized. 
Continuous  culture,  wheat,  plot  8;  acid  phosphate  100  pounds,  muriate  potash 

100  pounds. 
Three  year  rotation  in  potatoes ;  plot  15 ;  add  phosphate  480  pounds ;  muriate 

potash  300  pounds,  nitrate  soda  320  pounds. 
Three  year  rotation,  in  clover,  plot  No.  15,  acid  phosphate  480  pounds,  muriate 
potash  300  pounds,  nitrate  soda  320  pounds,  on  potatoes  only. 
The  6  year  rotation  consisted  of  com,  oats,  wheat,  clover  and  timothy.     The  fertilizers 
have  been  applied  only  on  the  corn,  oats,  and  wheat,  but  not  on  the  clover  and  timothy.     In 
addition  to  the  fertilizers  stated  abov.e  the  soils  have  received  also  applications  of  lime  at 
different  periods. 


Soil  No.  4. 

Soil  No.  5. 
Soil  Nor  6. 

Sou  No.  7. 

Soil  No.  8. 


TABLE  15.— RATE  AND  EXTENT  OP  SOLUBILITY  OP  ILLINOIS  SOILS  AT  OPTIMUM 
MOISTURE  CONTENT.  KEPT  MOSTLY  OUTDOORS.  FIGURES  REPRESENT  FREEZ- 
ING POINT  DEPRESSION. 


Day 

3. 

Soil  No.  1. 

Soil  No  2 

Soil  No.  3 

Soil  No.  4 

Soil  No.  5 

Soil  No.  6 

Soil  No.  7 

Soil  No.  8 

Soil  Uo. 
Soil  No. 
Soil  No. 
Sou  No. 

Sou  No. 
Sou  No. 
Soil  No. 
Soil   No. 

1. 
2. 
3. 
4. 

5. 
6. 

7. 
8. 

Plot 
Plot 
Plot 
Plot 

Plot 
Plot 
Plot 
Plot 

No. 
No. 
No. 
No. 

No. 

No. 
No. 
No. 

166. 
169. 
170. 
173. 

202. 
203. 
206. 
207. 

Residue, 
Residue. 
Manure, 
Manure. 

Residue. 
Manure. 
Residuo, 
Manure, 

South  Farm 

phosphorus,  lime. 

phosphorus,  limo. 

Davenport  Plots 

phosphorus,   limo. 
Ijhosphorus,  limo. 

0 

10 

30 

C° 
.022 

009 

.012 

009 

.012 

.020 

009 

.012 

.020 

009 

.012 

.020 

009 

.012 

.020 

009 

.012 

.020 

009 

.012 

.020 

009 

.012 

.020 

60 

C° 
.029 

.028 

.026 

.026 

.026 

026 

.027 

.029 
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TABLE  16.— RATE  AND  EXTENT  OF  SOLUBILITY  OP  CORNELL  SOILS  AT  OPTIMUM 
MOISTURE  CONTENT.  KEPT  MOSTLY  OUTDOORS.  FIGURES  REPRESENT  FREEZ- 
ING POINT  DEPRESSION. 


Days. 


Soil  No.  1 
Soil  No.  2 
Soil  No.  3 
Soil  No.  4 
Soil  No.  5 


0 

10 

30 

c 

C° 

C° 

.009 

.012 

.016 

.009 
.009 

.012 
.012 

.017 
.017 

.009 

.012 

.017 

.009 

.012 

.018 

60 


C° 

.023 

.023 

.023 

.023 

.023 


Soil  No.  1.     Plot  No.  720. 

Sou  No.  2.  Plot  No,  721. 
pounds  acid  phosphate. 

Soil  No.  3.  Plot  No.  728. 
founds  acid  phosphate. 

Soil  No.  4.     Plot  No.  730. 

Soil  No.  5.     Plot  No.  732. 


No  fertilizers. 

160  pounds  nitrate  of  soda,  80  pounds  muriate  of  potash,  320 

640  pounds  nitrate  of  soda,  80  pounds  muriate  of  potash,  320 


No  fertilizers. 

20  tons  farm  manure. 
These  soils  were  talcen  from  plats  used  in  rotation  of  timothy  8  years ;  corn,  oats  and  wheat. 
Fertilizers  have  been  applied  each  to  the  three  years  of  timothy,  but  no  fertilizer  has  been 
given  to  the  grain  crops.    On  the  manured  plat,  the  manure  has  been  applied  twice  to  the  three 
crops  of  timothy  instead  of  three  times  as  in  the  case  of  the  common  fertilizers. 


An  examination  of  all  the  foregoing  data  reveals  immediately  and  con- 
clusively the  remarkable  facts  (1)  the  rate  of  solubility  of  all  the  different 
experimental  soils  is  very  slow,  the  freezing  point  depression  increasing 
only  about  .003^0  in  ten  days  and  about  .030°C  in  sixty  days;  (2)  the  ex- 
tent of  solubility  or  the  total  amount  of  material  going  into  solution  is 
also  small,  the  total  depression  at  the  end  of  sixty  days  amounting  in  the 
majority  of  soils  to  only  .030^0 ;  and  (3),  there  is  practically  no  difference 
either  in  the  rate  or  extent  of  solubility  between  different  soils  within 
the  same  group  or  different  groups.  In  other  words  both  the  rate  and 
extent  of  solubility  of  all  the  soils  are  practically  the  same  irrespective 
of  their  fertilizer  treatment. 

These  results  are  certainly  very  surprising  when  they  are  considered 
from  the  known  crop-producing  or  fertility  standpoint  of  the  soils.  The 
past  crop-producing  history  of  these  soils  shows  that  there  is  a  very 
marked  difference  in  the  amount  of  crops  produced  between  the  various 
soils  within  any  one  experimental  field.  Thus,  the  soils  which  have  re- 
ceived no  fertilizer  have  yielded  the  smallest  amount  of  crops,  while  the 
soils  which  have  received  a  large  and  proper  treatment  of  fertilizer  pro- 
duced the  highest  yields  of  croi)s.  Yet  all  these  same  soils  have  allowed 
practically  the  same  amount  of  material  to  go  into  solution.  It  would 
naturally  be  expected  that  the  most  productive  soils  would  yield  soluble 
material  at  a  greater  rate  and  in  larger  amounts  than  the  less  productive 
soils,  but  such  was  not  the  case.  Even  tlu*  Illinois  soils  which  showed  a 
rather  remarkably  close  rehitionship  b(»twc<'n  their  solubility  product  and 
their  feililizer  treatments  at  the  high  moisture  content,  failed  to  show 
a  relationship  at  this  optimum  m<M*sture  content. 

While  these  results  may  a]>penr  exceedingly  snr])rising  and  almost  in- 
credible yet  when  the  priiicii)ies  previously  established  or  discussed  are 
reached,  they  may  not  api)ear  so  surprising  or  incredible.  It  was  shown 
in  the  previous  phases  of  the  work  (1)  that  the  presence  of  phosphorus 
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and  even  the  salt  of  (^a(N03)o  tends  to  have  a  depressing  effect  upon  the 
solubility,  of  soils.  (2)  A  high  concentration  also  tends  to  have  a  de- 
pressing effect  upon  the  solubility  of  soils.  (3)  The  soil  material  going 
into  solution  is  slow  in  rate  and  small  in  amount  and  unless  the  soil 
is  very  heavily  fertilized  or  is  exceedingly  rich  its  rate  and  extent  of 
solubility  is  not  very  much  different  from  that  of  a  medium  productive 
soil.  (4)  The  productivity  or  fertility  of  a  soil  is  not  determined  only 
by  the  amount  of  material  going  into  solution  but  also  by  the  kind  of 
material,  i.  e.,  whether  it  is  composed  of  ^11  the  essential  plant  food  ele- 
ments and  probably  in  the  proper  amounts;  and  (5)  The  plant  exerts 
probably  itself  some  influence  in  obtaining  plant  food  directly  from  the 
soil  particles. 

It  is  rather  surprising  to  note  that  there  is  a  closer  connection  between 
the  factor  of  solubility  and  crop  productivity  in  the  various  soils  when 
the  water  content  is  maintained  at  a  supersaturation  point  than  at  the 
optimum  point. 

Finally,  it  must  be  stated  that  the  results  of  this  phase  of  the  investi- 
gation go  to  emphasize  the  principle  already  announced  that  the  solu- 
bility factor  is  not  always  an  absolute  and  reliable  criterion  for  the  state 
of  fertility  of  soils.  A  high  solubility,  however,  may  be  generally  re- 
garded, but  not  always  as  indicative  of  high  state  of  fertility. 

Rate  and  Extent  of  Solubility  of  Soils,  Treated  with  Acids  and  then 
Washed  Until  all  the  Free  Soluble  Acids  were  Eliminated.  Rate  of 
Soil  to  Water  was  about  J.  to  .7  and  Mixture  Maintained  at  Room 
Temperature. 

Having  studied  the  effect  of  salt  treatment  upon  the  rate  and  extent 
of  solubility  the  desire  arose  to  investigate  the  effect  of  acid  treatment 
upon  the  rate  and  extent  of  solubility.  Accordingly,  five  different  soils 
were  treated  with  seven  different  acids  and  washed  until  all  the  free 
soluble  acids  were  eliminated  as  indicated  by  the  exceedingly  small  de- 
pression of  the  freezing  point  of  the  washed  soils.  The  washed  soils  were 
then  placed  in  the  freezing  point  tubes,  their  water  content  being  brought 
to  the  ratio  of  about  1  of  soil  to  about  .7  of  water  and  their  freezing 
point  depression  determined  immediately  and  as  of  ten, .  thereafter,  as 
was  deemed  necessary.  The  soils  consisted  of  a  clay  loam,  two  brown 
silt  loams,  one  fine  saudy  loam  and  one  sand.  These  soils  are  the  same 
as  those  used  in  the  case  of  the  salt  treatments.  The  acids  comprised 
HNO3  nCl,  n^SO,,  H3PO,,  ir,(\_,0„  C,H„0„  and  C«n,0,.  These  acids 
were  used  in  tenth  normal  strength.  Tlie  treatment  consisted  of  treat- 
ing 50  grams  of  air  dry  soil  with  150  c.c.  of  the  acid,  allowing  the  mixture 
to  stand  for  about  24  hours  with  occasional  shaking,  and  then  washing 
the  soil  free  of  acids.  The  ex[)eriniental  data  obtained  in  this  phase  of 
the  general  investigation  are  shown  in  tables  17  to  20  inclusive. 
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TABLE  17.— RATE  AND  EXTENT  OF  SOLUBILITY  OF  CLAY  LOAM  TREATED  WITH 
ACIDS  AND  THEN  WASHED  UNTIL  ALL  FREE  SOLUBLE  ACIDS  WERE  ELIMINATED 
RATIO  OF  SOILS  TO  WATER  WAS  ABOUT  1  TO  .70  AND  MIXTURE  MAINTAINED  AT 
ROOM  TEMPERATURE.    FIGURES  REPRESENT  FREEZING  POINT  DEPRESSION. 


Treatment. 


Days. 


HNO3 
HCl... 
HjSO«. 
HjPO«. 
HiCjO* 

Check  . 


0 

1 

4 

6 

8 

CO 

12 

15 

CO 

26 
C» 

37 

66 

c^ 

e» 

O* 

003 

CIS 

020 

.020 

020 

020 

020 

.021 

.022 

.022 

.003 

'018 

020 

.029 

.020 

.020 

.020 

.021 

.032 

.022 

.003 

.018 

.020 

.020 

.020 

.020 

.020 

.021 

.022 

.023 

.008 

.018 

.020 

.020 

.021 

.021 

.021 

.021 

.026 

.038 

.010 

.018 

.021 

.026 

.039 

.041 

.072 

.110 

.110 

.113 

.008 

.012 

.020 

.020 

.020 

.021 

.032 

.036 

.042 

.048 

.008 

.017 

.030 

.031 

.034 

.038 

.038 

.037 

.037 

.036 

.010 

1 

.018 

.020 

.025 

.029 

.037 

.037 

.088 

.040 

.040 

81 


.023 
.033 
.023 
.035 
.000 
.043 
.028 
.042 


TABLE    18.— RATE    AND    EXTENT    OF    SOLUBILITY    OF    DARK    BROWN    SILT    LOAM 

TREATED   WITH   ACIDS   AND  THEN  WASHED  UNTIL  ALL  FREE   SOLUBLE   ACIDS 

WERE  ELIMINATED.     RATIO  OF  SOIL  TO  WATER  WAS  ABOUT  1  TO  .70  AND  3JIX- 

TURE  MAINTAINED  AT  ROO.M  TEMPERATURE.     FIGURES  REPRESENT  FREEZING 

POINT  DEPRESSION. 


Treatment. 


Days. 


0 

2 

6 

31 

42  . 

€• 

a* 

a* 

f 

C 

.006 

.013 

.018 

.022 

.022 

.006 

.013 

.018 

.082 

OJB 

.004 

.013 

.020 

.022 

.022 

008 

.033 

.036 

.086 

.036 

.006 

.013 

.026 

.048 

.099 

.005 

.028 

.036 

.038 

.045 

.006 

.035 

.050 

.046 

.040 

.006 

.013 

.026 

.039 

.052 

HNO».... 

HCl 

H,SO«.... 
H1PO4.... 
HaCaO*... 
HCiHiO>. 
HjCHiOt 
Check.... 


C 

.022 

.022 

.022 

.031 

.jOOO 

.013 

.035 

.055 
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TABLB  10.— RATE  AND  EXTENT  OP  SOLUBILITY  OP  BROWN  SILT  LOAM  TREATED 
WITH  ACIDS  AND  THEN  WASHED  UNTIL  ALL  FREE  SOLUBLE  ACIDS  WERE  ELIMI- 
NATED. RATIO  OP  SOIL  TO  WATER  WAS  1  TO  .70  AND  MIXTURE  MAINTAINED  AT 
ROOM  TEMPERATURE.    FIGURES  REPRESENT  FREEZING  POINT  DEPRESSION. 


Treatment.                                         Days. 

0 

1 

2 

3 

5 

7 

9 

12 

21 

42 

HNOi 

.007 

.007 

.007 

.007 

.007 

.007 

.0071 

.007 

C* 
.013 
.016 
.010 
.023 
.012 
.012 
.022 
.012 

.016 
.017 
.020 
.028 
.018 
.018 
.028 
.019 

.017 
.020 
.019 
.028 
.013 
.016 
.036 
.020 

.018 
.020 
.021 
.029 
.013 
.018 
.052 
.020 

0° 

.020 

.020 

.022 

.030 

.019 

.021 

.079 

.030 

C*> 
.020 
.020 
.022 
.030 
.020 
.026 
.080 
.035 

C* 
.020 
.020 
.022 
.030 
.025 
.030 
.077 
.035 

.020 
.022 
.022 
.030 
.072 
.040 
.072 
.037 

C9 
.022 

HOI 

.024 

HiSO* 

.025 

Ha»o« 

.029 

HiCjO* 

.127 

HCtl^Os 

.039 

HjCWHiOt 

.057 

Check 

.041 

T^  

TABLE  20.— RATE  AND  EXTENT  OP  SOLUBILITY  OP  PINE  SANDY  LOAM  TREATED 
WITH  ACIDS  AND  THEN  WASHED  UNTIL  ALL  FREE  SOLUBLE  ACIDS  WERE  ELIMI- 
NATED. RATIO  OP  SOIL  TO  WATER  WAS  1  TO  0.5  AND  MIXTURE  MAINTAINED  AT 
ROOM^TEMPERATURE.    FIGURES  REPRESENT  FREEZING  POINT  DEPRESSION. 


Treatment 


Days. 


0. 

3 

5 

' 

11 

21 

52 

c« 

C^ 

C^ 

to 

e> 

C* 

CO 

.004 

.010 

.01b 

.015 

.OU 

.015 

.018 

.004 

.010 

.015 

.015 

.015 

.018 

.020 

.004 

.010 

.015 

.015 

.017 

.018 

.020 

.005 

.011 

.015 

.015 

.018 

.018 

.020 

.005 

.016 

.016 

.018 

.018 

.025 

.030 

.006 

.011 

.015 

.015 

.017 

.020 

.020 

.005 

.010 

.015 

.013 

.015 

.020 

.020* 

.004 

.010 

.013 

.017 

.019 

.035 

.038 

77 


HNOi... 

HCI 

HiSO«... 
HiPOi... 
HsCfOi... 
HCjHiO,. 
HiC»HiOt 
Check.... 


CO 

.020 

.020 

.020 

.020 

.035 

.021 

.022 

.040 
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TABLE  21.— RATE  AND  EXTENT  OF  SOLUBILITY  OP  SAND  TREATED  WITH  ACIDS 
AND  THEN  WASHED  UNTIL  ALL  FREE  SOLUBLE  ACIDS  WHERE  ELIMINATED. 
RATIO  OF  SOIL  TO  WATER  WAS  1  TO  .4  AND  MIXTURE  MAINTAINED  AT  ROOM 
TEMPERATURE.     FIGURES  REPRESBN8  FREEZING  POINT  DEPRESSION. 


Treatment. 


Days. 


HNOi... 

HCI 

H,SO«.... 
YUPOi. . . 
HjCiO*... 
HCtHjC. 
HaCsHaOr 
Check 


0 

4 

5 

13 

19 

21 

30 

60 

C° 

C 

e» 

C 

C° 

.003 

.003 

.004 

.005 

.005 

.006 

.006 

.009 

.003 

.003 

.004 

.005 

.005 

.007 

.007 

.009 

.003 

.003 

.004 

.005 

.005 

.007 

.007 

.009 

.004 

.004 

.004 

.006 

.006 

.006 

.006 

.008 

.003 

.003 

.003 

.004 

.004 

.005 

.007 

.007 

.008 

.003 

.004 

.004 

.006 

.006 

.007 

.001 

.003 

.003 

.003 

.004 

.006 

.006 

.007 

007 

.003 

.003 

.003 

.004 

.007 

.007 

.008 

.009 

90 


C?» 

.010 

.010 

.010 

.008 

.009 

.006 

.009 

.010 


The  above  data  show  that  in  the  case  of  the  inorganic  acids  the  rate 
of  solubility  is  rather  rapid,  equilibrium  being  reached  in  many  cases 
in  the  first  three  or  four  days,  and  the  extent  of  solubility  is  quite  small, 
the  freezing  point  depression  not  exceeding  .025*^0  in  the  heavy  type  of 
soils,  and  about  010  ""C  in  the  sand,  at  the  end  of  about  80  days.  The 
extent  of  solubility  in  the  case  of  phosphoric  acid  treatment  is  slightly 
greater  than  that  of  the  other  inorganic  acid  treatments.  In  the  case 
of  the  organic  acids  the  results  are  somewhat  inconsistent  but  they 
indicate  that  the  rate  of  solubility  is  also  rather  rapid  but  the  process 
goes  on  for  a  much  longer  time  and  the  extent  of  solubility  is  very  large 
and  especially  in  some  cases.  Thus,  in  table  17  the  depression  rose  in 
the  case  of  HjCaOj  from  .010°  to  .112°C  in  55  days.  After  a  certain 
length  of  time  the  depression  of  some  of  these  organic  acid  treatments 
begins  to  decrease,  indicating  that  the  material  is  going  out  of  solution. 
This  reverse  action  is  similar  to  that  in  the  case  of  the  (NHJjSO^  treat- 
ment. 

From  various  standpoints  these  results  with  the  various  acids  are  very 
interesting  and  very  instructive. 

Rate  and  Extent  of  Solubility  of  Natural  or  Untreated  Soils  Which 
Were  Previously  Washed  Until  All  Free  Soluble  Salts  Were  P^liminated. 
Riitio  of  Soil  to  Water  Was  About  1  to  .7  and  Mixture  Maintained  at 
Room  Temperature. 

Having  established  certain  fundamental  principles  with  the  salt,  fer- 
tilizer and  acid  treatments  on  the  rate  and  extent  of  solubility  of  soils, 
the  investigation  on  the  rate  and  extent  of  solubility  of  natural  or 
untreated  soils  is  now  in  order. 

This  part  of  the  investigation  comprised  a  great  number  of  soils, 
coming  from  several  different  states,  and  including  many  different  types 
and  nearly  all  the  various  classes.  It  was  the  purpose  in  this  research 
to  study  the  effect  of  type,  class,  origin,  fineness  of  particles,  organic 
matter  content  and  many  otlier  factors  upon  the  rate  and  extent  of  solu- 
bility of  soils.  The  procedure  of  preparing  the  soils  and  measuring  the 
rate  and  extent  of  solubility  were  the  same  as  before,  namely,  the  soils 
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were  washed  with  distilled  water  until  all  their  free  soluble  salts  were 
eliminated  and  then  samples  of  these  washed  soils  were  placed  in  glass 
tubes,  then  water  content  was  brought  up  to  the  ratio  of  1  of  soil  to  .7 
water  and  then  freezing  point  depression  determined  as  usual  at  various 
intervals.  The  results  obtained  are  tabulated  in  table  22.  The  typical 
results  of  a  few  soils  are  graphically  represented  by  figures  G  to  10 
inclusive. 
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A  close  and  thorough  examination  of  the  above  data  reveals  many  in- 
teresting and  important  facts.  First  of  all  it  is  shown  that  there  is 
wide  difference  both  in  the  rate  and  extent  of  solubility  in  the  various 
soils.  In  many  soils  the  rate  of  solubility  is  slow  and  gradual  and  the 
process  continues  a  long  time,  but  usually  for  about  30  or  40  days  and 
the  extent  of  solubility  is  rather  appreciable.  Thus,  in  soils  Nos.  9,  10, 
11,  12,  14,  16,  etc.,  the  depression  rises  slowly  and  gradually  from  about 
.007°C  to  about  .040^^0  in  30  days  and  to  about  .050°C  in  99  days.  In 
many  other  soils  the  rate  of  solubility  is  also  slow  and  gradual  and  the 
process  continues  for  a  long  time,  but  the  extent  is  not  large.  Thus,  in 
soils  Nos.  1,  2,  3,  5,  6,  7,  8,  21,  etc.,  the  freezing  point  depression  rises 
from  about  .006  °C  to  about  .020  °C  at  the  end  of  30  days,  to  about  .025  °C 
at  the  end  of  99  days.  In  still  other  soils  the  rate  is  not  only  very  slow, 
but  the  extent  is  also  extremely  small.  Thus,  in  soils  No.  4,  19,  22,  26, 
32,  etc.,  the  freezing  point  lowering  rises  from  about  .006°  C  to  only 
.010  °C  at  the  end  of  99  days. 

The  data  fail  to  show  any  close  and  consistent  correlation  between  the 
class  of  soil  and  the  solubility  factor  or  the  total  amount  of  material 
going  into  solution.  Beginning  first  with  the  clays  it  is  at  once  seen 
that  the  final  depression  varies  from  .OlO'^C  in  the  case  of  Georgia  Cecil 
clay,  to  .023^  in  Wisconsin  Superior  clay,  to  .026°  in  Texas  Houston  clay. 

Considering  next  the  clay  loam  it  is  readily  observed  that  the  lowering 
of  the  jfreezing  point  varies  from  .023°  in  the  case  of  California  Ramona 
clay  loam  (No.  7)  to  .032°C  in  Michigan  clay  loam  (No.  8)  to  .052°C  in 
Michigan  clay  loam  (No.  9). 

In  the  case  of  the  silt  loams  the  variation  in  the  depression  ranges 
from  .013°  in  the  case  of  Memphis  silt  loam  (No.  19)  to  .040°  in  Penn- 
sylvania silt  loam  (No.  17)  to  .050°  in  Michigan  brown  silt  loam  (No.  11). 

Even  in  the  sandy  loams  the  variation  is  quite  striking.  Thus,  Ala- 
bama Dekalb  sandy  loam  (No.  30)  gives  a  depression  of  only  .010  while 
Michigan  fine  sandy  loam  gives  a  depression  of  .037  °C  or  a  difference  of 
.025  °C. 

The  variation  in  the  sands  is  very  negligible.  The  depression  of  the 
freezing  point  of  sands  used  is  about  .010  °C  for  all  of  them. 

It  is  conclusively  evident,  therefore,  that  there  is  no  relationship  be- 
tween the  solubility  factor  or  amount  of  material  going  into  solution 
and  the  class  of  soil. 

It  is  also  evident  that  soils  with  the  greatest  surface  or  fineness  of 
particles  do  not  have  the  greatest  solubility  product.  Of  all  the  soils 
employed  the  clays  must  possess  the  greatest  surface,  with  the  possible 
exception  of  peat,  yet  the  solubility  product  of  these  soils  rs  smaller 
than  that  of  clay  loams  and  silt  loams,  and  in  some  cases  it  is  only 
as  great  as  that  of  sands. 

It  may  appear  that  soils  with  large  amounts  of  organic  matter  content 
yield  the  large»st  amount  of  material  in  solution.  While  this  may  be 
true  in  many  soils  yet  there  are  many  soils  which  contain  a  large  amount 
of  organic  matter  which  did  not  give  a  high  solubility  product.  SoilB 
Nos.  3,  20,  15,  35,  etc.,  may  be  cited  as  examples,  while  soils  Nos.  14, 
16,  31,  etc.,  contained  very  little  organic  matter  and  yet  they  yielded  a 
high  solubility  product.  It  appears  that  if  organic  matter  influences 
the  solubility  it  is  not  so  much  its  quantity  as  it  is  its  quality,  as  many 
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mucks  and  peats  allowed  only  a  very  small  amount  of  material  to  go  into 
solution. 

Georgia  Cecil  clay  (No.  4),  Memphis  silt  loam  (No.  19),  and  Ohio  silt 
loam  (No.  22)  need  special  attention.  All  these  soils  show  an  exceed- 
ingly slow  rate  and  a  very  small  extent  of  solubility.  In  these  respects 
they  resemble  very  much  the  pure  sandy  soils  or  quartz  sand.  The  Cecil 
clay  refused  to  yield  more  material  to  solution  even  when  its  temperature 
was  raised  to  53°C  and  kept  there  for  30  days. 

Rate  and  Extent  of  Solubility  of  Natural  or  Untreated  Soils.  Mois- 
ture Maintained  at  Optimum  Content  and  Soils  Kept  Mostly  Outdoors. 

In  the  preceding  study  the  rate  and  extent  of  solubility  of  the  natural 
or  untreated  soils  were  measured  at  the  water  content  of  supersaturation. 
In  the  present  study  it  was  decided  to  measure  these  factors  at  the 
optimum  moisture  content  and  thus  under  more  or  less  practical  or 
field  conditions.  In  order  to  atford  a  true  and  reliable  basis  of  com- 
parison in  the  results  between  the  two  sets  of  moisture  content  the  same 
kind  of  soils  were  used  in  both  cases.  The  procedure  employed  in  a 
previous  study  was  also  used  here.  It  consisted  of  placing  a  certain 
amount  of  soil  on  a  filter  paper  in  a  funnel  and  washing  until  all  its  free 
soluble  salts  were  eliminated.  Then  a  small  sample  of  the  washed  soil 
was  taken  air-dried,  and  its  freezing  point  depression  determined  by 
using  15  grams  of  soil  and  10  c.c.  of  water.  The  rest  of  the  soil  was 
allowed  to  remain  in  the  funnel  undisturbed  and  to  lose  water  until  its 
moisture  content  was  reduced  to  about  the  optimum  point.  Then  the 
soil  was  placed  in  a  glass  tumbler,  thoroughly  stirred  and  weighed.  Water 
was  added  to  it,  thereafter,  as  often  as  it  was  deemed  necessary  in  order 
to  keep  it  at  the  optimum  moisture  content.  Meanwhile,  the  soil  was 
kept  outdoors,  under  as  natural  conditions  as  possible,  most  of  the  time. 
At  the  end  of  10,  30,  and  60  days  a  small  composite  sample  was  taken, 
air  dried,  and  its  freezing  point  depression  determined  as  originally. 

The  results  procured  in  this  study  are  presented  in  table  23.  The 
number  of  each  soil  corresponds  to  the  number  in  table  22  where  the  high 
moisture  content  was  employed. 

TABLE  23— RATE  AND  EXTENT  OP  SOLUBILITY  OF  NATURAL  SOILS,  AT  OPTIMUM 
MOISTTTRE  CONTENT.  KEPT  MOSTLY  OUTDOORS.  FIGURES  REPRESENT  FREEZ- 
ING POINT  DEPRESSION. 


Days. 


^' 


Michigan  clay  loam 

Michigan  Ix-own  silt  loam 

Michigan' brown  silt  loam 

Wisconsb  superior  clay 

Wisconsin  Miami  silt  loam 

Wisconsin  Carrington  silt  loam . 

Michigan  clay  loam 

Michigan  fine  sandy  loam 

Peat 

Sand 


.008 

.008] 

» 
.008 

It 
.007 

m 

.006 
.006 
.007 
.006 
.004 
003 


9 

.013 

m 
.016 

li 
.013 

.010 

.013 

.013 

.013 

.013 

.009 

009 


30 


I 


60 


C° 
.032 
.029 
.030 
.017 
.021 
.021 
.023 
.022 
.013 

009 


m 

.037 
.035 
.035 

020 
.037 
.036 
.029 
.027 

015 
.010 
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These  results  show  that  at  the  optimum  moisture  content  the  rate  of 
solubility  is  slow  and  the  extent  of  solubility  is  small,  of  all  the  natural 
OP  untreated  soils.  Considering  first  the  rate,  it  is  at  once  seen  that  the 
depression  rises  only  from  about  .008°  to  about  .013°  in  ten  days  to 
about  .035  °C  in  sixty  days.  In  some  of  the  soils  and  especially  in  the 
sands  the  rate  is  still  slower.  Considering  next  the  extent,  it  is  imme- 
diately observed  that  the  amount  of  material  that  went  into  solution  is 
comparatively  small.  The  maximum  depression  at  the  end  of  sixty  days 
in  any  soil  is  only  .037  °C  or  925  parts  per  million  of  solution.  In  several 
of  the  soils  the  quantity  is  still  smaller  and  in  the  case  of  the  sand  and 
peat  it  is  less  than  375  parts  per  million. 

Comparing  now  the  total  amount  of  material  that  went  into  solution 
at  the  two  different  sets  of  moisture  content  it  is  seen  that  the  quantity 
is  somewhat  greater  and,  especially  in  some  soils,  at  the  water  content 
of  supersaturation.  Thus,  at  the  high  moisture  content  the  freezing 
point  depression  of  soils  Nos.  9,  11,  12,  14,  and  31  is  .051°,  .049°,  .045°, 
.460°,  and  .035  °C,  respectively.  While  at  the  optimum  moisture  content 
the  depression  for  the  same  soil  in  the  order  named  is  .037°,  .035°,  .035°, 
.037°  and  .027  °C,  respectively.  The  difference,  therefore,  in  some  of  the 
soils,  is  as  great  as  .014°  depression  in  favor  of  the  high  moisture 
content. 

The  order  of  extent  of  solubility  of  the  various  soils  is  not  exactly  the 
same  at  the  two  sets  of  moisture  contents.  In  other  words,  the  soils  which 
gave  the  largest  solubility  product  at  the  high  moisture  content  did 
not  do  it  also  at  the  optimum  moisture  content.  The  deviation  in  the 
order  is  not  very  great,  but  it  cannot  be  stated  that  there  is  an  absolute 
correlation. 

Rate  of  Solubility  of  Natural  or  Untreated  Soils  Which  Were  Pre- 
viously Washed  Until  All  Their  Free  Soluble  Salts  Were  Eliminated. 
Ratio  of  Soil  to  Water  was  About  1  to  .7  and  Mixture  Maintained  at  the 
Temperature  of  53  °  C. 

In  all  of  the  foregoing  series  of  experiments  the  rate  and  extent  of 
solubility  of  soils  under  various  conditions  and  treatments  were  meas- 
ured at  room  temperature.  Now  it  is  known  that  temperature  influences 
solubility.  Furthermore,  the  temperature  of  the  soil  under  field  condi- 
tions changes  very  markedly  during  the  various  seasons  of  the  year.  It 
appeared  very  desirable,  therefore,  to  investigate  the  influence  of  tem- 
perature upon  the  rate  and  extent  of  solubility.  For  this  purpose  two 
sets  of  temperatures  were  used,  53 °C,  and  below  freezing.  The  investiga- 
tion at  the  temperature  53  °C  will  be  considered  first.  The  procedure 
consisted  of  placing  washed  soils  in  the  freezing  point  tubes,  adding 
water  to  them  to  bring  up  the  water  content  to  the  ration  of  1  of  soil  to  .7 
of  water,  determining  the  freezing  point,  stopping  the  tubes  with  rubber 
stoppers,  and  placing  these  tubes  containing  the  soils  in  a  constant  tem- 
perature oven  whose  temperature  was  maintained  at  about  53°C.  At 
various  intervals  these  tubes  were  taken  out,  opened,  their  contents 
stirred  and  their  freezing  point  depression  determined  again.  In  order 
to  prevent  any  pressure  being  produced  by  the  raising  of  the  temperature 
the  tubes  were  opend  a  few  minutes  after  they  were  in  the  temperature 
oven.  The  process  of  opening  the  tubes  and  stirring  the  contents  also 
tended  to  eliminate  the  accumulation  of  any  gas  that  might  be  pro- 
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duced  in  the  soil  and  thus  influence  the  freezing  point  depression.  There 
were  in  all  16  soils  employed.  These  soils  represent  several  different  types 
and  practically  all  the  various  classes.  In  order  to  afford  a  basis  of 
comparison  these  soils  were  taken  from  the  same  samples  as  the  soils  in 
table  22.  To  ascertain  the  influence  of  high  temperature  upon  the  rate 
and  solubility  of  soils,  therefore,  the  results  in  table  22  must  be  taken 
as  basis  for  comparison.  The  data  obtained  are  shown  in  table  24.  The 
number  of  each  soil  corresponds  to  the  similar  soil  in  table  22. 

TABLE  24.— RATE  AND  EXTENT  OP  SOLUBILITY  OP  NATURAL  SOILS  IN  DISTILLED 
WATER  WHEN  THE  RATIO  OP  SOIL  TO  WATER  IS  ABOUT  1  TO  .7  AND  MIXTURE 
MAINTAINED  AT  THE  TEMPERATURE  OP  53^  C.  FIGURES  REPRESENT  FREEZINCi 
POINT  DEPRESSION. 


Days. 

0 

1 

2 

3 

5 

9 

16 

24 

34 

42 

66 

C* 

c* 

C* 

C« 

e» 

e» 

C 

C9 

C* 

C9 

C* 

1    WiaeofunnSuDeriorelftV 

010 

.023 

025 

.025 

.026 

.031 

.031 

.030 

.031 

.030 

.031 

2   Georgia  C«eil  clay 

.006 

.007 

.000 

.010 

.010 

.010 

.010 

Oil 

.010 

.010 

.011 

3   ToxM  HomtOD  olay 

.008 

.017 

.015 

.020 

.020 

.020 

.022 

.025 

.025 

.025 

.028 

4   L».  Lafldnolay 

.008 
.010 

.010 
.023 

.012 
.028 

.017 
.039 

.020 
.040 

.020 
.045 

.021 
.048 

.021 
.049 

.021 
.050 

.024 
.051 

.026 

f    MvYb^gt"  ftlaylcaiD  .          

.056 

A   Mlfihinn  flay  loam 

.010 

.033 

.042 

.045 

.052 

.058 

.060 

.063 

.063 

.065 

.068 

7    CaliforniaRamoDa  clay  loam 

.010 

020 

.025 

.030 

.034 

.034 

.034 

.035 

.035 

.034 

.036 

8   Michigan  silt  loam 

.010 

.023 

.034 

.040 

.013 

.044 

.045 

.047 

.050 

.050 

.054 

0   Mii^hie»'^ffiHl'«tn 

.010 

.033 

.040 

.046 

.052 

.055 

.060 

.066 

.067 

.067 

.070 

10    Mifthig^nniltlnitTn 

.010 

.030 

.041 

.046 

.052 

.055 

.056 

.058 

.058 

.060 

.064 

11    Wisconsin  Miamisiltloam 

.010 

.025 

.030 

.035 

.038 

.038 

.041 

.044 

.048 

.040 

.050 

12    Missouri  Summit  silt  Io«m 

0(18 

.015 

.017 

.025 

.025 

.035 

.035 

.036 

.035 

.036 

.038 

13   Texas  Vernon  fine  sandy  loam 

.006 

.020 

.021 

.030 

.032 

.035 

.035 

.035 

.035 

.035 

.035 

14   Calif omiaHanford  fine  sandy  loam.... 

.010 

.079 

.023 

.022 

.026 

.031 

.030 

.030 

.030 

.030 

.032 

15    California  Okley  fine  sandy  loam 

.005 

.008 

.009 

.010 

.010 

.010 

.010 

.012 

.012 

.012 

.013 

16    Michigan  fine  sandy  loam 

.008 

.023 

.032 

.034 

.038 

.039 

.042 

.048 

.050 

.050 

.010 

17    Michigan  fine  sand 

.005 

.006 

.006 

.007 

.000 

007 

.006 

.007 

.009 

.009 

.052 

18    Peat       

.008 

.010 

.010 

.015 

.016 

.018 

.020 

.020 

.020 

.020 

.030 

From  a  careful  comparison  of  the  data  in  the  above  table  with  that 
in  table  22  it  becomes  at  once  evident  that  the  temperature  of  r)3°(v 
influenced  quite  appreciably  both  the  rate  and  extent  of  solubility,  and 
especially  of  certain  soils.  It  is  readily  seen  that  the  rate  was  con- 
siderably hastened  and  the  extent  quite  appreciably  increased,  on  prac- 
tically all  the  soils. 

The  process  of  solubility  continues  for  a  long  time  even  60  days,  but 
the  major  portion  of  the  material  goes  into  solution  the  first  three  or 
four  days.  Even  at  the  end  of  the  first  day  the  solubility  product  of 
many  soils  is  rather  large.  The  final  total  amount  of  material  that  went 
into  solution  varies  tremendously  in  the  various  soils.  It  ranges  from 
a  depression  of  .010°  in  sand  (No.  17)  to  .011°  in  Cecil  clay  (No.  4)  to 
.013°  in  Okley  fine  sandy  loam  (No.  26)  to  .038°  in  silt  loam  (No.  14)  to 
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.054°  in  Michigan  clay  loam  (No.  8),  to  .004°  in  Michigan  brown  silt  loam 
(No.  12)  to  .070 °('  in  Michigan  brown  silt  loam. 

The  influence  of  the  high  temperature  on  the  solubility  is  very  differ- 
ent in  the  various  soils.  In  some  soils  it  is  very  marked  and  in  others 
hardly  perceptible.  In  all  of  the  clays,  in  all  the  sands  and  in  a  few 
sandy  loams  the  influence  is  rather  small,  the  diff'erence  in  depression 
being  only  about  .010°,  while  in  practically  all  the  clay  loams,  silt  loams, 
and  a  few  sandy  loams  th(»  influence  is  rather  large,  amounting  to  a  dif- 
ference of  depression  of  over  .025 '^C  in  some  cases.  While  many  of  the 
soils,  in  which  the  solubility  product  was  greatly  increased  by  the  high 
temperature,  contained  a  high  organic  matter  content,  there  are  few 
soils  which  contained  only  a  very  small  amount  of  organic  matter  and 
yet  their  solubility  product  was  also  greatly  increased.  Thus,  fine  sandy 
loam  (No.  31),  Ilanford  fine  sandy  loam  contained  only  a  small  amount 
of  organic  matter  and  yet  the  amount  of  material  that  went  into  solution 
was  greatly  increased.  Hence,  it  is  not  only  organic  matter  which  is 
materially  affected  by  the  high  temperature  but  also  some  other  soil  con- 
stituents. Undoubtedly,  however,  the  organic  matter  was  affected  the 
most. 

It  is  interesting  to  note  the  Cecil  clay  even  at  the  temperature 
of  53^C  gave  no  more  material  to  solution  than  at  the  room  temperature 
and  that  it  attained  equilibrium  rather  quickly.  The  amount  of  ma- 
terial that  this  soil  allowed  to  go  into  solution  at  this  high  temperature 
is  exceedingly  small,  amounting  only  to  about  250  parts  per  million. 

Rate  and  Extent  of  Solubility  of  Natural  or  Untreated  Soils  Which 
Were  Previously  Washed  and  Ratio  of  Soil  to  Water  was  About  1  to  .7 
and  Mixture  Maintained  Below  Freezing  Temperature. 

Having  presented  the  investigation  on  the  effect  of  high  temperature 
on  the  rate  and  extent  of  solubility  of  soils,  the  influence  of  low  tem- 
perature on  these  sanie  factors  are  now  in  order. 

This  study  was  conducted  })y  putting  washed  soils  in  the  freezing  point 
tubes  with  a  water  content  of  1  of  soil  to  .7  of  water,  determining  the 
freezing  point  de[»r(ssi<}n,  then  stoppering  the  tubes,  i)lacing  them  out- 
doors in  the  cold  weather  and  then  at  the  end  of  .*{0  days  the  soils  were 
thawed  and  their  freezing  pi)iiit  depression  again  determined.  The  soils 
were  placed  out<loors  during  the  month  (»f  January  when  the  tempera- 
ture for  the  whole  month  was  always  below  freezing  and  most  of  the  time 
at  or  below  zero  FahrenluMt.  At^  no  time  did  the  temperature  rise  suffici- 
ently to  thaw  th(»  soils.  The  soils,  therefore,  remained  frozen  during  the 
whole*  iMM-iod.  The  soils  nse<l  were  tlu^  same  as  in  the  j)receding  stiuly. 
The  results  obtained  are  shown  in  table  25. 
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TABLE  25.— RATE  AND  EXTENT  OF  SOLUBILITY  OP  NATURAL  SOILS  IN  DISTILLED 
WATER  WHEN  THE  RATIO  OF  SOILS  TO  WATER  WAS  ABOUT  1  TO  .70  AND  MIX- 
TURE MAINTAINED  AT  OR  BELOW  ZERO  TEMPERATURE.  FIGURES  REPRESENT 
FREEZING  POINT  DEPRESSION. 


Days. 


30 


WiscoDflb  Superior  clay 

Michigan  clay  loam 

Michigan  clay  loam 

California  Ramona  clay  lo«im. .. 

Michigan  clay  loam 

Michigan  brown  ult  loam 

Wisconsin  Miami  siltloam 

Michigan  brown  silt  loam 

Michigan  fine  sandy  loam 

California  Oldey  fine  sandy  loam 


.010 
.013 
.009 
.009 
.010 

on 

.011 
.010 
.010 
.008 


C« 

.010 

.015 

.010 

.010 

.011 

Oil 
.011 

Oil 
.010 
.008 


A  glance  at  the  above  data  reveals  at  once  the  fact  that  when  the 
soils  remain  frozen  no  material  ^oes  into  solution.  It  is  seen  that  the 
depression  of  the  freezing  point  at  the  end  of  30  days  is  exactly  the  same 
as  that  at  the  beginning. 

At  this  point  some  very  important  practical  conclusions  can  be  drawn 
from  the  entire  investigation  thus  far  presented.  It  has  been  seen  that 
the  soluble  salts  of  the  soil  can  be  so  thoroughly  washed,  or  leached 
away  that  the  soil  for  the  time  being  is  almost  devoid  of  soluble  salts. 
It  has  also  been  seen  that  the  rate  of  solubility  is  so  exceedingly  slow 
and  especially  at  optimum  moisture  content,  that  the  soil  requires  not 
only  days  but  even  weeks  to  accumulate  any  appreciable  amount  of  salts. 
Finally,  it  has  been  shown  that  when  the  soils  are  frozen  the  solubility 
process  completely  and  entirely  ceases. 

From  these  facts  the  practical  conclusions  that  can  be  drawn  are 
that  during  the  fall  months  when  the  rainfall  is  very  abundant,  at  least 
in  many  regions,  the  soils  are  quite  thoroughly  washed  and  become  almost 
devoid  of  soluble  salts.  During  the  winter  months  when  these  soils 
freeze,  the  solubility  process  is  entirely  stopped,  and  consequently  there 
is  no  accumulation  of  any  soluble  salts.  In  the  spring  months,  on  account 
of  the  low  temperature  and  the  exceedingly  slow  rate  of  solubility 
the  amount  of  material  that  goes  into  solution  is  very  small  and  the 
amount  of  nitrates  formed  also  small,  and  consequently  the  plants  do 
not  find  an  abundance  of  plant  food  in  solution.  This  should  and  prob- 
ably does  have  an  important  bearing  on  soil  fertilization  that  is  with 
respect  to  the  time,  amount  and  form  to  apply. 

Eate  and  Extent  of  Solubility  of  Natural  Soils  Which  Were  Pre- 
viously Washed  and  the  Ratio  of  Soil  to  Water  Was  1  to  5  -and  Mixture 
Maintained  at  Room  Temperature. 

Definite  chemical  compounds,  at  any  given  temperature,  have  a  defin- 
ite solubility  which  is  independent  of  the  relative  masses  of  the  solid  and 
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the  liniiid.  Now  the  soils  are  not  defiuite  comi)ound8  and  the  question 
lises,  is  their  solubility  dependent  or  independent  of  the  relative  masses 
of  the  solid  and  the  liquid. 

It  was  with  the  object  of  obtaining  definite  information  upon  this 
important  point  that  the  present  investigation  was  undertaken.  Inci^ 
de^itally,  this  information,  it  was  thought,  v^^l^  throw  further  light 
upon  the  subject  as  to  whether  or  no  the  solubility  of  the  soils  employed 
in  the  preceding  researches  has  attained  equilibrium.  This  study  con- 
sisted of  placing  5  grams  of  air-dry  soil  in  the  freezing  point  tubes,  wash- 
ing it  several  times  by  decantation  and  then  adding  to  it  sufficient  water 
to  bring  its  water  content  to  the  ration  of  about  1  of  soil  to  about  5  of 
water.  The  mixture  was  maintained  at  room  temperature  and  the  freez- 
ing point  depression  determined  in  the  usual  way.  The  data  obtained 
are  shown  in  table  26.  In  order  to  ascertain  the  specific  effect  of  the 
relative  masses  of  soil  and  water  upon  the  solubility,  the  results  of  the 
above  table  must  be  compared  with  the  results  of  table  22  where  the 
ratio  of  soil  to  water  was  1  to  .7.  For  convenience  and  immediate 
reference  the  soils  in  both  tables  are  given  the  same  numbers. 

TABLE  26.— RATE  AND  fiXTENT  OP  SOLUBILITY  OF  NATURAL  SOILS  IN  DISTILLED 
WATER  WHEN  THE  RATIO  OP  SOILS  TO  WATER  IS  ABOUT  1  TO  5  AND  MIXTURE 
MAINTAINED  AT  ROOM  TEMPERATURE.  PIGURES  REPRESENT  FREEZING  POINT 
DEPRESSION. 


DayB. 

Wisccnsin  Superior  day 

Georgia  Cecil  clay 

Micnigan  clay  loam 

Michigan  clay  loam 

Micnigan  dark  brown  silt  loam. . 
Michigan  dark  brown  silt  loam. . 
Michigan  dark  hrawn  silt  loam. . 

Wisconsin  Miami  silt  loam 

MissiflOtpi  Memphis  silt  loam. . 

Michigan  fine  sandy  loam 

California  Okley  fine  sandy  loam 
Michigan  fine  sand * 


0 

2 

4 

7 

16 

23 

32 

41 

53 

c* 

C 

C« 

CO 

C*» 

CO 

CO 

C* 

CO 

.006 

.007 

.013 

.012 

.013 

.012 

.014 

.013 

.014 

.005 

.007 

.010 

.009 

.010 

.010 

.011 

.010 

.012 

.005 

.007 

.013 

.016 

.016 

.018 

.018 

.018 

.020 

.005 

.007 

.C18 

.018 

.020 

.021 

.026 

.026 

.027 

.005 

.007 

.016 

.018 

.020 

.022 

.028 

.027 

.027 

.005 

.007 

.016 

.018 

.020 

.020 

.020 

.020 

.022 

.005 

.007 

.012 

.014 

.014 

.014 

.018 

.020 

.020 

.005 

.007 

.016 

.016 

.016 

.019 

.018 

.020 

.020 

.005 

.005 

.008 

.009 

.009 

.010 

.010 

.011 

.010 

.005 

.007 

.010 

.010 

010 

.012 

.013 

.012 

.013 

.005 

.006 

.010 

.009 

.009 

.009 

.009 

.010 

.010 

.004 

.004 

.004 

.004 

.005 

.005 

.004 

.005 

.008 

63 


CO 

.014 

.011 

.020 

.028 

.027 

.024 

.021 

.019 

.012 

.013 

.011 

.007 


A  coiiiparisoii  of  the  above  data  with  the  corresponding  data  in  table 
22  reveals  at  once  the  important  fact  that  when  the  ratio  of  soil  to  water 
is  1  to  5  the  solubility  is  much  smaller  than  that  when  the  ratio  of  soil 
to  water  is  1  to  .7.  Indeed,  in  the  majority  of  the  soils  the  magnitude 
is  only  half  as  large  at  the  ratio  of  1  to  5  as  it  is  at  the  ration  of  1  to  .7. 
Thus  at  the  end  of  (53  days  the  depression  at  the  two  ratios  is  as  follows 
for  the  various  corresponding  soils : 

Ratio — 
1:5  .014°  .011°  .020°  .028°  .027°  .024°  .019°  .012  .013°  .011°  .007®  C, 
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Ratio — 

1:7  .023^  .011^  .032°  .052°  .050°  .046°  .048°  .013°  .037°  .010°  .009°  C. 

The  further  significant  fact  to  be  noted  in  table  26  is  that  even  though 
the  solubility  product  is  greatly  reduced  when  the  ratio  of  soil  to  water 
is  1  to  5,  yet  an  apparent  equilibrium  seems  to  be  attained  at  the  end 
of  about  30  days.  This  apparent  equilibrium,  however,  is  not  attained 
very  fast  but  only  slowly  and  gradually  a  condition  analogous  to  that 
in  the  other  series  of  experiments  previously  reported. 

It  is  to  be  concluded,  therefore,  that  when  the  ratio  of  soil  to  water 
is  1  to  5  respectively  the  rat^  of  solubility  is  very  slow,  the  extent  ex- 
tremely small,  and  much  smaller  than  that  at  the  ratio  of  1  to  .7  or  even 
at  the  optimum  moisture  content. 

It  would  now  be  of  interest  to  compare  the  amount  of  material  that 
went  into  solution  at  the  optimum  water  content  with  that  at  the  other 
two  water  contents.  These  comparisons  can  be  made  in  tables  22,  23 
and  26.  When  the  comparison  is  made  it  is  seen  that  as  a  general  rule 
a  slightly  greater  amount  of  material  went  into  solution  when  the  water 
content  was  1  of  soil  to  .7  of  water  than  it  did  at  the  optimum  moisture 
content,  and  the  least  amount  went  into  solution  at  the  water  content 
of  1  of  soil  to  5  of  water.  From  these  results  it  is  evident  that  the  effect 
of  the  relative  masses  of  soil  and  water  finds  a  limitation  in  both  direc- 
tions. When  the  ratio  of  soil  to  water  is  decreased  the  solubility  prod- 
uct decreases,  when,  on  the  other  hand  the  ration  of  soil  to  water  is 
increased  beyond  a  certain  point  the  solubility  product  is  again  de- 
creased. 

The  diminished  solubility  at  the  optimum  or  at  any  other  low  moisture 
content  would  probably  be  expected.  In  the  first  place  a  large  portion 
of  the  moisture  at  the  low  water  contents  is  unf ree.  In  the  second  place, 
water  in  the  film  form  may  not  dissolve  the  solid  material  of  the  soil 
as  readily  as  the  free  and  excess  water.  In  the  third  place,  the  moisture 
at  the  low  water  content  is  not  so  uniformly  distributed  in  the  soil  as 
at  the  high. 

Rate  and  Extent  of  Solubility  of  Natural  op  Untreated  Soils  Pre- 
viously Washed  and  the  Ratio  of  Water  to  Soil  Was  1  to  5  and  Mixture 
Maintained  at  the  Temperature  of  53  °C. 

This  investigation  is  precisely  the  same  as  the  preceding  one,  except 
that  in  this  case  the.  temperature  was  maintained  at  53°C.  This  was 
accomplished  by  keeping  the  soils,  in  the  closed  tubes,  in  a  constant 
temperature  oven  of  53  °C.  The  object  of  this  experiment  was  to  study 
the  effect  of  high  temperature  upon  the  solubility  of  soils  when  the 
ratio  of  soil  to  water  was  1  to  5.  The  results  procured  are  presented 
in  table  27.  These  results  must  be  compared  with  those  in  table  24, 
where  the  ratio  of  soil  to  water  was  1  to  .7  and  the  temperature  at  53°, 
in  order  to  ascertain  the  effect  of  the  relative  masses  of  soil  to  water  at 
hig:h  temperature  upon  the  solubility  of  soils.  To  facilitate  this  com- 
parison the  soils  in  both  tables  are  given  the  same  numbers. 
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TABLE  27.— RATE  AND  EXTENT  OF  SOLUBILITY  OP  NATURAL  SOILS  IN  DISTILLED 
WATER  WHEN  THE  RATIO  OF  SOILS  TO  WATER  IS  1  TO  5  AND  THE  MIXTURE 
MAINTAINED  AT  THE  TEMPERATURE  OF  53 \  FIGURES  REPRESENT  FREEZING 
POINT  DEPRESSION. 


Days. 


16 


32 


41 


63 


63 

.021 
.014 
.023 
.031 
.031 
.031 
.020 
.028 
.014 
.020 
.011 
.009 


Wiflconsiii  Sup^or  d«y 

Georgia  Cecil  day 

Michigan  day  loam 

Michigan  day  loam 

Michigan  dark  brown  silt  loam. . 
Michigan  dark  brown  silt  loam . . 
Michigan  dark  orown  silt  loam. . 

WiaooQsin  Miami  dlt  loam 

MiasisBippi  Memphis  silt  loam . . . 

Midiigan  fine  sandy  loam 

California  Okley  fine  sandy  loam 
Michigan  fine  sand 


15^ 
.005 
.005 
.005 
.005 
.006 
.005 
.005 
.005 
.004 
.004 
.003 

.ooai 


.008 
.008 
.012 
.015 
.015 
.012 
.008 
.008 
.005 
.005 
.004 
.003 


C^ 
.010 
.008 
.020 
.016 
.017 
.018 
.009 
.010 
.006 
.008 
.006 
.004 


135- 
.010 
.008 


.029 
.029 
.010 
.020 
.009 
.010 
.007 

.«? 


.012 
.010 
.021 
.028 
.030 
.030 
.012 
.020 
.012 
.013 
.010 


■755- 
.015 
.012 
.021 
.029 
.030 
.030 
.014 
.022 
.011 
.014 
.010 
.005 


.013 
.012 
.021 
.030 
.031 
.030 
.013 
.022 
.013 
.019 
.010 
.006 


"755- 
.018 
.013 
.021 
.030 
.031 
.030 
.013 
.025 
.013 
.018 
.011 
008 


15^ 
.018 
.013 
.0^2 
.031 


.018 
.026 
.018 
.018 
.011 


A  critical  examination  of  the  results  in  the  above  table  and  of  those 
.in  table  24  makes  it  at  once  apparent  that  even  at  the  temperature  of 
53  °C  the  solubility  of  the  soils,  when  the  ratio  of  soil  to  water  is  1  to  5, 
is  greatly  less  than  that  at  the  ratio  of  1  to  .7.  Indeed,  the  degree  of 
'  solubility  in  many  soils  is  only  one-third  as  great  in  the  ratio  of  1  to  5 
as  it  is  in  the  ratio  of  1  to  .7.  Thus,  the  freezing  point  depression  at  the 
end  of  6Sf  days,  was  as  follows  for  the  various  corresponding  soils : 

Ratio — 

1:5  .021°  .014°  .023°  .031°  .031°  .031°  .028°  .014°  .020°  .011°  .009°  C. 
Ratio — 

1:7  .031°  .011°  .054°  .068°  .070°  .064°  .038°  .019°  .052°  .013°  .010°  C. 

It  is  to  be  noted  even*  at  this  high  temperature  that  although  the  con- . 
centra tion  is  greatly  lower  at  the  ratio  of  1  to  5  than  it  is  at  the 
rate  of  1  to  .7  yet  an  apparent  equilibrium  sets  in  at  the  end  of  about  30 
days  and  practically  no  material  goes  into  solution  thereafter.  It  would 
be  expected  that  the  solubility  at  the  ratio  of  1  to  5  would  continue  much 
longer  and  its  extent  would  tend  to  reach  that  of  the  1  to  .7  ratio,  but 
such  is  not  the  case. 

.  It  is  extremely  interesting  to  observe  that  the  solubility  product  of 
Cecil  Clay  and  Memphis  silt  loam  is  extremely  low  and  is  not  affected 
either  by  temperature  or  water  content,  but  remains  constant  under  all 
these  treatments.  In  these  respects,  it  acts  very  much  like  the  solu- 
bility product  of  pure  sand  and  quartz  sand.  This  is  a  very  significant 
fact. 

The  results  of  all  the  preceding  series  of  investigations  go  to  prove 
very  conclusively  at  least  one  principle,  namely,  that  when  the  solu- 
bility of  a  soil  becomes  constant  or  stationary  it  does  not  mean  that 
absolute  equilibrium  has  been  attained  or  that  the  solution  has  become 
saturated.    This  conclusion  becomes  at  once  obvious  from  the  fact  that 
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the  solubility  of  a  soil  becomes  constant  at  the  various  water  contents 
before  the  same  extent  of  solubility  is  attained  and  that  there  is  no 
tendency  of  this  equality  being  attained,  no  matter  how  long  the  soil 
and  water  remain  in  contact.  Thus,  the  solubility  of  soils  in  a  water 
content  of  1  of  soil  to  5  of  water  becomes  constant  when  it  is  only  half 
as  great  as  that  in  the  same  soil  at  a  water  content  of  1  of  soil  to  .7  of 
water,  and  that  no  matter  how  long  the  soil  is  left  in  contact  with  the 
water,  this  equality  is  not  reached. 

From  these  findings  the  practical  conclusion  naturally  follows  that 
in  the  humid  regions  the  soil  solution  never  becomes  saturated. 

Kate  and  Extent  of  Solubility  of  Subsoils  Which  Were  Previously 
Washed,  and  the  Ratio  (ft  Soil  to  Water  Was  About  1  to  .7  and  the 
Mixture  Maintained  at  Boom  Temperature. 

All  the  soils  employed  in  the  foregoing  series  of  studies  were  surface 
soils.  From  various  standpoints  it  appeared  very  desirable  to  employ 
also  subsoils  in  the  general  study  on  the  rate  and  extent  of  solubility 
of  soils.  Accordingly,  samples  of  subsoils  at  the  depth  of  one  and 
one-half  feet  were  taken,  washed  while  fresh,  placed  in  the  freezing 
point  tubes,  added  water  to  them  to  bring  them  up  to  the  water  content 
of  1  of  soil  to  .7  of  water,  and  then  the  freezing  point  depression  deter- 
mined as  usual.   The  data  procured  are  epitomized  in  table  28. 

TABLE  28.— RATE  AND  EXTENT  OP  SOLUBILITY  OF  SUBSOILS.  RATIO  OP  SOIL  TO 
WATER  WAS  ABOUT  1  TO  .70  AND  MIXTURE  MAINTAINED  AT  ROOM  TEMPER- 
ATURE. PIGURES  REPRESENT  FREEZING  POINT  DEPRESSION. 


Days. 


0 

1 

2 

4 

8 

19 

30 

c* 

C" 

(?» 

e» 

C* 

e» 

(?» 

.008 

.015 

.016 

.018 

.020 

.020 

.020 

.000 

.016 

.030 

.020 

.020 

.020 

.020 

.010 

.018 

.020 

.020 

.020 

.020 

.020 

.008 

.013 

.013 

.013 

.018 

.018 

.018 

.007 

.009 

.009 

.009 

.010 

.011 

.011 

.007 

.010 

.011 

.011 

.012 

.011 

.012 

.000 

.008 

.000 

.009 

.010 

.011 

.012 

.003 

.004 

.004 

.004 

.005 

.005 

.006 

.003 

.003 

.004 

.003 

.005 

.004 

.004 

78 


Clay 

Clay  loam 

Clay  loom 

Silt  loam 

Sandy  loam 

Sandy  loam. 

Very  fine  sandy  loam 

Sand 

Sandy 


C* 

.022 

.022 

.022 

.020 

.012 

.013 

.013 

.007 

.006 


Apparently  the  rate  of  solubility  of  these  subsoils  is  somewhat  faster 
than  that  of  the  surface  soils  already  considered.  On  the  other  hand, 
their  extent  of  solubility  is  very  small,  amounting  only  to  about  550 
parts  per  million  in  the  clays  and  clay  loams  and  about  150  parts  per 
million  in  the  sands,  at  the  end  of  78  days. 

The  apparent  greater  rate  of  solubility  of  these  subsoils  over  the  sur- 
face soils  may  be  partly  due  to  the  insufficient  washing  of  the  former. 
These  subsoils  were  employed  in  the  fresh  condition  and  many  of  them, 
and  especially  the  clays,  clay  loams  and  silt  loams,  were  so  sticky  that 
it  was  impossible  to  wash  them  by  the  leaching  process.  Hence,  the 
salts,  probably  were  not  all  washed  away  and  went  into  solution  rather 
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rapidly.  On  the  other  hand,  it  must  be  stated  that  practically  all  soils 
which  show  a  small  solubility  product  like  these  soils  do  were  found  to 
give  nearly  always  a  high  rate  of  solubility. 

SUMMARY, 

In  the  present  bulletin  there  are  presented  the  results  of  an  investiga- 
tion on  the  rate  and  extent  of  solubility  of  soils  under  different  salt, 
fertilizer,  and  acid  treatments,  at  different  moisture  contents,  and  at 
various  temperatures;  also  of  different  types  of  untreated  soil  contain- 
ing various  quantities  of  organic  matter  and  different  degrees  of  fineness 
of  particles. 

The  method  employed  in  measuring  the  rate  and  extent  of  solubility 
of  soils  was  the  freezing  point  method.  The  method  proved  ideal  for 
the  purpose. 

The  general  procedure  of  the  investigation  consisted  of  washing  the 
treated  or  untreated  soils  with  distilled  water  until  all  their  free  soluble ' 
substances  were  eliminated  and  their  freezing  point  depression  was 
very  close  to  that  of  distilled  water.  For  determining  the  rate  and  ex- 
tent of  solubility  at  the  high  moisture  content  the  washed  soils  were 
placed  in  glass  freezing  point  tubes,  the  proper  amount  of  water  being 
added,  and  their  freezing  point  depression  was  determined  very  often 
for  a  long  time.  For  determining  the  rate  and  extent  of  solubility  at 
low  moisture  content  the  washed  soils  were  placed  in  glass  tumblers, 
after  they  had  reached  the  optimum  moisture  content,  placed  outdoors 
under  natural  conditions,  and  their  freezing  point  depression  was  de- 
termined at  certain  set  intervals. 

There  were  three  different  water  contents  employed,  an  optimum,  a 
ratio  of  1  of  soil  to  .7  water,  and  a  ratio  of  1  of  soil  to  5  of  water. 

There  were  also  three  different  temperatures  used,  below  freezing,  room 
temperature  and  53  ^C. 

When  different  classes  of  soil  were  treated  with  tenth  normal  salt 
solutions  of  Ca(N03)2,  NaNO,,  KNO3,  KCL,  K^SO,,  (NHJ,SO„  MgSO,, 
KH2PO4,  CaH4(P04):,  and  NaC,H,02  and  then  washed  until  all  their 
free  soluble  salts  were  eliminated  and  their  water  content  consisted  of 
1  of  soil  to  .7  of  water  and  kept  at  room  temperature,  it  was  found  ( 1 ) 
that  the  rate  of  solubility  of  all  the  salt  treatments  except  (NH4).jS04 
was  slow  and  gradual  and  the  process  continued  for  a  long  time  even  120 
days,  but  usually  for  about  50  days.  In  the  case  of  the  (NH4)2S04 
treatment  the  velocity  was  quite  rapid  at  the  beginning,  but  it  soon 
slowed  down.  At  the  end  of  about  60  days  there  was  an  apparent  con- 
stancy or  equilibrium  in  the  solubility. 

(2)  The  extent  of  solubility,  or  the  amount  of  material  that  went 
into  solution  when  the  apparent  constancy  was  attained  is  very  appre- 
ciable in  all  the  salt  treatments  and  in  all  the  soils,  with  few  exceptions. 
All  the  soils  except  sand,  treated  with  NaNO,,  KNO,,  KCL,  K,SO., 
(NH4)2S04,  MgS04  and  NaCaHgOs  yielded  quite  a  large  amount  of 
material  to  solution.  Thus,  the  depression  in  many  cases  rose  from 
.005°  to  about  .110 °C  or  from  125  to  2750  parts  per  million  of  solution. 
The  only  salt  treatments  which  did  not  cause  a  large  solubility  product 
are  the  Ca(NOa)2,  KH2PO4  and  CaH4(P04)a.    The  depression  in  some 
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of  these  salt  treaments  rose  only  from  about  .007^  to  .015  °C  or  from  175 
to  375  parts  per  million.  As  a  general  rule  the  NaNOg  and  NaCgHjOj 
treatments  in  all  the  soils,  except  sand,  tended  to  yield  the  greatest 
solubiUty  product,  the  CaNO«,  KH^PO^  and  CaHJPOJ^.  the  smaUest 
and  the  KNO3,  KCL,  KgSO^,  (NHJ2SO4  and  MgSOg  an  intermediate 
In  many  soils  the  CaH4(P04)2  and  in  a  few  cases  the  Ca(N08)2  and 
KH2PO4  treatments  did  not  only  give  the  smallest  concentration  but 
even  a  smaller  concentration  thah  the  check.  Evidently  these  salts 
tended  to  have  an  indifferent  or  depressing  effect  upon  the  solubility 
of  soils.  As  a  whole  it  appears  that  the  phosphates  tend  to  depress 
solubility  and  that  they  probably  act  as  conservers  of  bases  under  field 
conditions. 

The  results  of  solubility  of  these  singly  salt  treated  soils  go  to  indicate 
that  a  salt  or  fertilizer  treatment  leaves  a  residual  effect  upon  the  soil 
and  this  residual  effect  continues  to  be  manifested  in  increased  solubility 
and  in  increased  crop-producing  power. 

These  data  also  go  to  indicate  that  the  reaction  between  soils  and 
salts  seems  to  be  chemical  and  not  physical. 

In  view  of  the  different  residual  effects  that  the  different  salts  or 
fertilizers  have  upon  the  solubility  of  soils  and  in  view  of  many  theo- 
retical and  practical  considerations,  the  solubility  factor  cannot  be  con- 
sidered an  absolute  or  reliable  criterion  for  the  state  of  fertility  or  crop- 
producing  power  of  soils.  In  general,  however,  it  can  be  said  that  a 
very  heavily  fertilized  or  extremely  rich  soil  gives  a  greater  solubility 
product  than  an  unfertilized  or  poor  soil. 

Although  the  solubility  attains  a  constancy  at  the  end  of  about  60 
days  this  constancy  is  not  a  true  equilibrium.  In  other  words,  the  solu- 
tion is  not  saturated  when  solubility  ceases.  This  is  proven  by  the  fact 
when  different  proportions  of  soil  and  water  are  employed  an  apparent 
equilibrium  is  attained  in  all  the  ratios  and  yet  the  solubility  product 
is  not  at  all  the  same  when  the  equilibrium  is  reached,  and  it  does  not 
become  the  same  no  matter  how  long  the  soil  and  water  in  the  different 
ratios  are  kept  in  contact.  Furthermore,  a  consideration  of  the  char- 
acter of  the  soil  makes  it  extremely  doubtful  if  true  equilibrium  can  ever 
be  attained  in  the  soil  solution. 

The  solubility  process  of  the  soils  would  undoubtedly  go  on  for  a  long 
time  and  probably  almost  indefinitely,  in  view  of  the  extremely  slow 
rate  of  solubility,  if  some  factors  did  not  intervene. 

When  different  soils  were  treated  with  a  combination  of  salts  includ- 
ing CarNOoi  NaNO,,  KNO3.  KCL,  K^SO,,  (NHJ.SO,,  MgSO,,  KH,P04 
CaH^CPO^'la  ^^^  NaCaHgOg  and  washed  and  kept  under  the  same  condi- 
tions as  the  preceding,  their  rate  of  solubility  was  also  slow,  but  the 
extent  of  solubility  was  very  appreciable.  In  this  combination  the  phos- 
phates did  not  depress  the  solubility  very  markedly,  but  when  the 
fNH4)oS0^  and  NaCsHaOa  salts  were  left  out  from  the  combination  then 
the  depression  became  more  marked. 

When  experimental  field  soils  from  the  Experiment  Stations  of  Illinois, 
Cornell,  Khodo  Island  and  Ohio,  which  had  been  receiving  fertilizer 
treatments  in  the  usual  way,  were  washed,  and  kept  at  the  moisture 
content  of  1  of  soil  to  .7  of  water  and  at  room  temperature,  their  rate 
of  solubility  was  also  very  slow,  but  their  extent  of  solubility  varied. 
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being  rather  appreciable  in  some  of  them  and  quite  small  in  others,  and 
this  variation  did  not  bear  a  close  connection  to  the  previous  fertilizer 
treatment.  In  other  words,  there  was  no  close  relationship  in  all  the 
groups  of  soils,  between  the  amount  of  material  that  went  into  solution 
and  the  previous  fertilizer  treatment.  These  results  are  in  general 
agreement  with  those  of  the  single  salt-treated  soils. 

Even  when  these  same  experimental  field  soils  were  kept  at  the  opti- 
mum moisture  content,  and  placed  outdoors  under  natural  conditions, 
failed  to  give  a  solubility  product  which  bore  a  close  relation  to  the 
previous  fertilizer  treatment.  Again,  even  at  the  optimum  moisture 
content  the  rate  of  solubility  was  very  slow,  but  the  extent  of  solubility 
was  quite  appreciable,  but  far  smaller  than  that  of  the  salt-treated  soils. 

The  results  of  both  series  of  studies  of  the  field  experimental  soils  go 
to  emphasize  the  principle  already  announced  that  the  solubility  factor 
is  not  an  absolute  and  reliable  criterion  of  the  state  of  fertility  or  crop- 
producing  power  of  soils. 

In  the  soils  treated  with  acids  of  HNO3  HCL,  HaSO^,  H3PO,,  II^C^O,, 
HO2H3O2,  and  CfiHgOy,  and  washed  and  their  moisture  content  was  1  of 
soil  to  .7  of  water  and  kept  at  room  temperature,  their  rate  of  solubility 
was  quite  rapid,  but  their  extent  of  solubility  varied,  being  very  small  in 
the  case  of  the  inorganic  and  slightly  higher  in  the  phosphoric  acid,  and 
quite  appreciable  in  the  organic  acids. 

In  the  iiatural  or  untreated  soils,  which  were  washed,  kept  at  room 
temperature  and  at  a  moisture  content  of  1  of  soil  to  .7  of  water,  both 
the  rate  and  extent  of  solubility  varied  considerably  between  the  differ- 
ent soils.  In  some  soils  both  were  rather  appreciable,  in  others  they 
were  very  slight.  In  these  soils,  which  numbered  about  50,  and  included 
nearly  all  the  different  classes  and  many  types,  there  was  no  close  and 
consistent  relationship  between  the  solubility  factor  and  the  class  of 
soil,  the  organic  matter  content  and  the  fineness  of  particles. 

Practically  the  same  type  of  results  were  obtained  in  these  various 
types  and  classes  of  untreated  soils  when  an  optimum  moisture  content 
was  employed  and  the  soils  were  kept  outdoors  under  natural  conditions. 
In  some  soils  more  material  went  into  solution  when  the  moisture  con- 
tent was  1  of  soil  to  .7  of  water  than  when  the  moisture  content  was  at 
optimum. 

On  the  whole  there  was  a  closer  relationship  between  the  solubility 
factor  and  the  state  of  fertility  or  crop  producing  power  when  the  mois- 
ture content  was  1  of  soil  to  .7  of  water  than  when  the  moisture  content 
was  at  optimum. 

When  natural  soiLs,  previously  washed,  and  having  a  moisture  con- 
tent of  1  of  soil  to  .7  of  water,  were  kept  at  a  temperature  of  53  °C  their 
rate  of  sohibiHty  was  somewhat  appreciably  increased.  In  some  soils, 
however,  these  factors  were  not  at  all  affected  by  the  high  temperature. 
The  solubility  of  many  soils  even  at  this  high  temperature  continued  for 
a  long  time,  even  GO  days,  but  usually  it  became  constant  at  the  end  of 
about  30  days. 

At  the  ratio  of  1  of  soil  to  5  of  water  t\\e  rate  of  solubility  of  natural 
soils  is  also  slow  and  the  ext(»nt  of  solubility  extremely  small.  In  fact, 
the  amount  of  material  that  went  into  solution  at  this  water  content  is 
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only  about  half  as  great  as  that  at  the  water  content  of  1  of  soil  to  .7 
of  water,  and  yet  an  apparent  equilibrium  was  attained  at  this  high 
water  content,  just  as  it  was  in  the  lower  water  content. 

When  the  soils,  having  a  ratio  of  1  of  soil  to  5  of  water,  were  kept 
at  the  temperature  of  53°C  their  rate  and  extent  of  solubility  were 
slightly  increased.  The  solubility  product,  however,  was  only  about 
one-third  as  great  as  that  of  similar  soils  kept  at  the  same  temperature 
but  having  a  ratio  of  soil  to  water  of  1  to  .7  respectively,  and  yet  an 
apparent  equilibrium  was  attained  in  the  high  ratio  just  as  in  the  small 
ratio. 

The  results  of  the  experiments  wherein  were  used  the  ration  of  1  of 
water  to  5  of  soil  go  to  indicate  very  strongly  that  the  concentration  of 
the  soil  solution  depends  upon  the  relative  masses  of  the  soil  and  water 
and  that  the  soil  does  not  possess  a  definite  solubility  like  definite  com- 
pounds do. 

The  amount  of  material  that  goes  into  solution  seems  to  increase  as 
the  ratio  of  soil  to  water  is  increased  up  to  about  the  optimum  moisture 
content  and  then  it  decreases. 

It  is  thus  seen,  that  the  rate  and  extent  of  solubility  of  soils  are 
aflfected  by  many  soils. 
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